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ABSTRACT 
DESIGN AND SYNTHESIS OF NANOMETER SIZE POLYCYCLIC AROMATIC 
HYDROCARBONS FOR EMISSION AND THROUGH-SPACE CHARGE 
DELOCALIZAION STUDIES 
 
 
 
Vijay Shankar Vyas, B.Sc.(Hons.), M.Sc. 
 
 
 
Marquette University, 2011 
 
 
 
        Over the past decades, a variety of conjugated organic materials have been 
explored as potential charge transport materials in conducting layers of photovoltaic 
devices. The performance of these devices critically depend on the efficiency with which 
the charge carriers (electrons and/or holes) move within the conjugated materials 
present in their hole and electron conducting layers before their collection at the 
electrode. Hence, a large amount of research effort is devoted not only to the preparation 
of new conjugated organic molecules for charge transport applications but also in 
understanding the nature of charge transport along the molecule (intra-chain) as well as 
between the molecules (through space or inter chain) when they are packed together in 
different orientations and varied extent of overlapping. 
 
As a model mimicking the packing of organic chromophores with varying degree 
of overlap in conducting layers of photovoltaic devices, a series of alkyl substituted 
pyrenes with incrementing bulk around the pyrene chromophore was prepared. The 
structure-activity relationship was studied by evaluating the effect of introducing the 
sterics on pyrene core upon  stacking as observed in monomer/excimer emission as 
well as that of binding ability of cation radical with its neutral counterpart to form a 
dimeric cation radical. The electronic and steric influence of aryl groups on the pyrene 
core was evaluated by preparing a series of tetraaryl substituted pyrenes. A series of 
nanometer size tetraarylethylenes with increasing emission quantum yields was also 
prepared and the optoelectronic properties were studied. Using 9–position of fluorene 
backbone for the attachment of solubilizing groups; 2,7–position for the Suzuki coupling 
reaction; and 3,6–position for Scholl reaction, a number of new emissive chromophores 
including doubly annulated fluorenes, helicenes and molecular hubs for the construction 
of dendrimeric structures were also prepared and the optoelectronic properties were 
studied .  
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GENERAL INTRODUCTION 
 
 Over the past decades, organic electronics – a branch of science that deals with 
conjugated organic molecules and electroactive materials, has emerged as a vibrant field 
of research and development. The rapid growth in interest in these conjugated organic 
materials, in part stems from the fact that these materials carry potential for the 
development of flexible modern display devices, field effect transistors and photovoltaic 
devices.
1 
In part, the impetus for exploration of these materials arises due to the ease of 
their preparation, processability, light weight, inherent flexibility and ready tailoring of 
their properties by advances in organic synthesis which makes them a desirable 
alternative in many applications and also creates the possibility of newer applications that 
would be impossible using silicon based devices. It has also been realized that in order to 
harness the inexpensive solar power, use of low cost organic polymers, could cut the 
manufacturing cost down and make the utilization of solar energy more realistic.
2
  
 A common trait shared by the devices mentioned above is that their performance 
critically depends on the efficiency with which the charge carriers (electrons and/or 
holes) move within the conjugated materials present in the hole and electron 
conducting layers, before their combination.  
2 
 
 
Figure 1: Simplified picture showing cross-section of a typical OLED. 
Over the years, a variety of conjugated molecules including oligomers, polymers 
and small molecules have been investigated for their potential as charge carriers in the 
conducting layer. The long list includes triphenylamines,
3
 perylenes,
4
 tetrathiafulvalenes,
5
 
fullerenes,
6
 oligoacenes,
7
 oligothiophenes,
8
 polyparaphenylenes,
9
 polyacetylenes,
10
 poly-
p-phenyleneacetylenes,
11
 polyfluorenes and its alternating copolymers,
12
 
polythiophenes
13
 etc.    
 
Figure 2: Typical organic molecules used in hole transport layers. 
Conducting Layer
3 
 
While tremendous efforts have been devoted to prepare solution processable 
conducting organic polymers, their success in charge transport is limited. Recent studies 
have unraveled that the functioning of conjugated organic polymers is limited by 
inverse (1/n) behavior of their optical and electrochemical properties, where n is the 
number of constituting monomeric units of the polymer.
14
 As such, this simply means 
that physical properties like charge delocalization, ability to lose electron in solution 
(oxidation potential), emission and absorption wavelength, etc. follow an inverse 
relationship with the number of constituting units as demonstrated in case linearly 
conjugated poly-p-phenylenes.
15
  For example, a look into the oxidation potential of these 
poly-p-phenylenes shows that on going from 2 phenyl units (biphenyl) to 3 (terphenyl), 
while there is a decrease in Eox by about 120 mV, the change reduces gradually to 50, 40, 
20 and 10 mV as the number of phenyl units attached, increases to 4, 5, 6 and 7 
respectively. Thus, in order to decrease the Eox value by another 100 mV, one has to 
construct a poly-p-phenylene with infinite chain length. As a result, charge transport 
beyond 6-7 units is not very effective in these long chain polymers.      
4 
 
 
Figure 3: 1/n behavior as shown by poly-p-phenylenes in their Eox values 
(A) Cyclic Voltammograms (B) a plot of Eox vs 1/n. 
 
 To overcome the limitation imposed by 1/n behavior and to achieve long distance 
charge transport for effective functioning of photovoltaic devices, one needs to construct 
conducting oligomers which are made of larger chromophores on which a single charge 
can effectively delocalize. Thus, large exotic organic scaffolds have been employed for 
hole transport over long distances.
16
 
 
 
n
n
A
B
5 
 
 
Figure 4: An example of exotic organic scaffold for hole transport layer.
16 
However, for a hole transport layer, it is not only critical to design molecules in 
which charge can move in one dimension within a single molecule, but it is also 
important to address the fact that these molecules when present in bulk, are arranged in 
random order and orientations. The efficiency of charge transport is thus intimately 
related to the relative position and overlapping of the interacting molecules which then in 
turn depend on their packing in bulk. Hence, it is essential to develop a thorough 
understanding about the structural arrangements that can allow effective communication 
between two chromophores lying at varied distances and differential degree of overlap.  
 
6 
 
 
Figure 5: Modes of charge transport in bulk materials packed in 
conducting layers of photovoltaic devices. 
 
Our research group has been actively involved in understanding interchain charge 
transport using models like cofacially stacked polyfluorenes where geometry is well 
defined in solution as well as in solid state.
17
 Our previous success in the area 
continuously inspires us to synthesize new materials and model compounds and explore 
their potential for emission and charge transport applications and understand the 
mechanism of charge transport.  
 
Thus, the primary objectives of my dissertation are:  
1. Establishing structure-property relationship for through-space charge 
delocalization using simple model compounds. 
2. Developing next generation of molecules for exploration as emissive materials 
and hole-transport materials. 
My efforts towards the achievement of these goals are presented in the form of 
following Chapters: 
Chapter 1: Preparation of tetraphenylethylene-based Polycyclic Aromatic Hydrocarbons. 
INTRA-chain e- or hole transport
INTER-chain e- or hole transport
7 
 
1A:  Synthesis and Electronic Properties of Nanometer-Size Symmetrical  
  tetrakis(poly-p-phenylene)ethylenes. 
1B:  Preparation of a tetraphenylethylene-based emitter:  Synthesis, structure  
  and optoelectronic properties of tetrakis(pentaphenylphenyl)ethylene. 
Chapter 2: Preparation of Alkyl Substituted Pyrenes. 
2A:  Isolation and X-ray structural characterization of tetraisopropylpyrene  
  cation radical. 
2B:  Steric modulation of -stacking in alkyl substituted pyrenes. 
Chapter 3: Synthesis and study of electronic effect of the substituents on the aryl groups 
of 1,3,6,8-tetraarylpyrenes and their cation radicals. 
Chapter 4: A Versatile Preparation and Study of a New Class of Highly Emissive 
Polycyclic Aromatic Hydrocarbons: Double Annulation of 9,9-
Dialkylfluorene via a 2-Step Suzuki/Scholl protocol. 
Chapter 5: Versatile Syntheses of Multi-branched Polycyclic Aromatic Hydrocarbons 
via Annulation Method based on Suzuki/Scholl protocol. 
Chapter 6: Design and Synthesis of a New Class of Helical Polycyclic Aromatic 
Hydrocarbons. 
CHAPTER 1 
 
Preparation of tetraphenylethylene-based Polycyclic 
Aromatic Hydrocarbons    
 
 
 The rich electrochemical and excited state properties of tetraphenylethylene (TPE) 
and its derivatives have attracted considerable attention for their potential usage in various 
optoelectronic and optomechanical switching and storage devices. In an attempt to 
prepare new electroactive molecules with increased conjugation length and emission 
quantum yield, attempt was made to incorporate poly-p-phenylenes that are known for 
their high conductivity and high thermal and oxidative stability into the four arms of TPE. 
Thus, a well-defined series of nanometer size tetrakis(poly-p-phenylene)-ethylenes 
(TPEs) has been prepared to evaluate their optical and electrochemical properties as well 
as the optical characteristics of their cation radicals. Efforts to improve the emission 
quantum yield of TPEs lead to the synthesis of a dendritic 
tetrakis((pentaphenylphenyl)ethylene, where the intramolecular rotations responsible for 
non-radiative deactivation pathways in TPEs could partly be restricted. Accordingly, this 
chapter is divided into two parts: 
(A)  Synthesis and Electronic Properties of Nanometer-Size Symmetrical 
tetrakis(poly-p-phenylene)ethylenes. 
(B)  Preparation of a tetraphenylethylene-based emitter:    
Synthesis, structure and optoelectronic properties of 
tetrakis(pentaphenylphenyl)ethylene. 
CHAPTER 1A 
 
Synthesis and Electronic Properties of Nanometer-Size 
Symmetrical Tetrakis(poly-p-phenylene)ethylenes 
(Tetrahedron Letters 2009, 50, 6159-6162. DOI:10.1016/j.tetlet.2009.08.077) 
 
 
 
Abstract: A simple synthesis of soluble tetrakis(poly-p-phenylene)ethylenes (TPEs), 
where poly-p-phenylene units contain up to 4 phenylene moieties, is accomplished using 
an easily available tetrakis(4-bromophenyl)ethylene and phenyl, biphenyl and p-
terphenylboronic acids, containing solubilizing iso-alkyl groups as the end-capping 
substituents. Electrochemical oxidation of TPEs (i.e. T1-T4) showed that they undergo 
reversible electrochemical oxidations and form stable cation-radical salts in solution.  The 
evaluation of absorption and emissions characteristics of T1-T4 in solution indicated that 
unlike parent tetratolylethylene (T1), the higher homologues (i.e. T2-T4) show emission 
centred at 520 nm and the quantum efficiency of emission increases with the increasing 
number of phenylene moieties in poly-p-phenylene units in various TPEs.  
 2.88 nm
3.53 nm
10 
 
INTRODUCTION 
 
The design and syntheses of new electro-active organic materials based on 
polyaromatic hydrocarbons continue to attract considerable attention owing to their 
potential for the practical applications in the emerging areas ranging from molecular 
electronics and nanotechnology to solar energy storage.
1
 Of these, poly-p-phenylenes 
(PPn) are especially important due to their high conductivity and high thermal and 
oxidative stability.
2
 We recently carried out a careful study of the optical and electronic 
properties of a series of well-defined oligomers of the poly-p-phenylenes containing up to 
7 phenylene moieties; and demonstrated that all the optical and electrochemical 
properties  followed an inverse relationship with the number of phenylene moieties.
3
 
Longer poly-p-phenylenes could not be obtained owing to limitation posed by solubility 
despite having long alkyl chains at the apical positions (see Figure 1).
3
  
 
Figure 1. Comparison of the size of representative poly-p-phenylene and 
tetrakis(poly-p-phenylene)ethylene. 
 
2.88 nm
3.53 nm
11 
 
A need for conducting molecules with increased effective conjugation lengths
4
 led 
us to conjecture that if the smaller poly-p-phenylenes are incorporated at the vertices of 
tetraphenylethylene core, nanometer size electo-active molecules should become readily 
accessible. For example, an incorporation of a modest length p-terphenyl unit onto the 
vertices of tetraphenylethylene alone would lead to a conducting single molecule which is 
longer then the largest known (soluble) poly-p-phenylene,
3
 i.e. Figure 1. 
Accordingly, herein we describe an efficient synthesis of a well-defined series of 
tetrakis(poly-p-phenylene)-ethylenes (TPEs), where poly-p-phenylene units contain 2, 3, 
and 4 phenylene moieties, respectively. The availability of a homologous series of TPEs 
allows us to evaluate their optical and electrochemical properties as well as the optical 
characteristics of their cation radicals with increasing number of phenylene units in TPEs. 
The details of these findings are presented herein. 
Tetraphenylethylene (TPE) and its derivatives have attracted considerable 
attention owing to their rich electrochemical
1
 and excited state properties
2
 as well as 
potential for incorporation into various optoelectronic and optomechanical switching and 
storage devices.
3-5
 It is well known that TPE and its derivatives do not emit in solution 
due to the intramolecular rotations of phenyl rings along the  =C-Ph  bonds
6
 and twisting 
of the C=C bond in the excited state which serve as non-radiative relaxation channels for 
the decay of excited state,
7 
i.e. Fig. 1. 
 
 
12 
 
RESULTS and DISCUSSION 
 
Various soluble tetrakis(poly-p-phenylene)ethylenes (T2-T4) were synthesized in 
excellent yields by Suzuki reaction
5
 between phenyl, biphenyl and p-terphenylboronic 
acids (B1-B3), containing solubilizing iso-alkyl groups as the end-capping substituents, 
and tetrakis(4-bromophenyl)ethylene (Scheme 1). The desired tetrakis(p-
bromophenyl)ethylene
6
 was easily prepared from tetraphenylethylene via a solid-phase 
reaction with gaseous bromine while the synthesis of boronic acids B1-B3 has been 
described earlier.
3
 A model tetratolylethylene (T1) was also obtained by a simple 
McMurry coupling of 4,4-dimethylbenzophenone.
7
 The structures of T2-T4 were easily 
established by 
1
H/
13
C NMR spectroscopy and were further confirmed by MALDI mass 
spectrometry (see experimental for details). 
13 
 
(a) Bromine vapors. (b) Pd(PPh3)4 (2 mol %), dioxane-H2O (2:1),
Na
2
CO
3
, ref lux.
B(OH)2
n
Scheme 1. Synthesis of various tetrakis(poly-p-phenylene)ethylenes
Br
Br Br
Br
+
b
n
n
n
n
n = 0; T2
n = 1; T3
n = 2; T4
n = 0; B1
n = 1; B2
n = 2; B3
a
 
 
The redox properties of T1-T4 were evaluated by electrochemical oxidation at a 
platinum electrode as a 2 × 10
-3
 M solution in dichloromethane containing 0.2 M tetra-n-
butylammonium hexafluorophosphate (n-Bu4NPF6) as the supporting electrolyte. The 
common unifying feature in the cyclic voltammograms of T1-T4 (Figure 2) is the 
presence of two 1-electron oxidation waves with the first wave being completely 
reversible while the second wave were found to be somewhat quasi reversible.
8a
 The 
oxidation potentials of T1-T4 corresponding to the first and second oxidations (i.e. loss 
of one and two electrons, respectively) were referenced to added ferrocene, as an internal 
14 
 
standard (Eox = 0.45 V vs. SCE),
8b
 and the Eox values are compiled in Table 1. With the 
increasing number of phenylene moieties in T1 to T4, there is a modest increase in their 
first oxidation potential (~50 mV), while the second oxidation potential largely remain 
unchanged (Table 1). The modest increase in the oxidation potentials going from T1 to 
T4 is understandable from the fact that HOMO largely resides on the tetraphenylethylene 
core (vide infra), and the substitution of electron releasing alkyl groups in T1 by electron 
withdrawing phenyl, biphenyl and terphenyl in T2, T3 and T4 respectively, contribute to 
the progressive increase in the first oxidation potentials of T2-T4. 
15 
 
 
Figure 2. Cyclic voltammograms (blue) and the correspond-ing square-wave 
voltammogram (red) of 1 x 10
-3 
M T1-T4 in CH2Cl2 containing 0.2 M (n-
Bu)4NPF6 at 22 °C at scan rate of 200 mV s
-1
.  
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Table 1.  Optical and electrochemical data of T1-T4. 
 
Properties  T1 T2 T3 T4 
Eox1 V vs SCE 1.11 1.12 1.15 1.16 
Eox2 V vs SCE 1.38 1.29 1.29 1.29 
UV-vis 
λmax  
max)  
 
nm  
 
(M
-1
 cm
-1
) 
246 
(29,227) 313 
(16,451) 
291 
(69,650)  
~346 
(30,734) 
315 
(89,172)  
~352 
(37,854) 
326 
(157,062)  
(~356) 
68,378 
λmax (emission) nm -- 520 520 520 
quantum yield ΦF -- 0.01 0.02 0.04 
normalized intensity  -- 71 237 492 
TPE
•+
 
λmax 
(εmax) 
nm  
 
(M
-1
 cm
-1
) 
522 
(11,763) 
 880 
(8,838) 
428 (22,969) 
660 (14,023) 
1160 
(24,045) 
454 
(25,295) 
670 
(12,063) 
1292 
(24,307) 
458 
(26,218) 
622 
(12,640) 
1300 
(25,391) 
 
The reversibility of 1-electron oxidation by cyclic voltammetry of various TPE’s 
prompted us to evaluate the stability of their cation radical salts using stable triarylamine 
(MB)
9
 and/or a hydroquinone ether (MA)
10 
cation-radical salt as robust 1-electron 
oxidants.  
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O
O
Ered 1.11 1.15
o
(V vs. SCE)
Br N
3
MBMA+
 
Thus, Figure 3 shows the spectral changes attendant upon the reduction of MB
•+
 
SbCl6
-
 [max (log ) = 728 nm (4.45)] by an incremental addition of T2 to its cation 
radical T2
•+
 in dichloromethane at 22 °C. The presence of well-defined isosbestic points 
at max = 678 and 766 nm in Figure 3A established the uncluttered character of the 
electron transfer.   
 
 
Figure 3.  A. Spectral changes upon the reduction of 5.5 x 10
-5
 M MB
•+
 (blue 
line) by incremental addition of 2.0 x 10
-3
 M T2 to its radical cation (green line) 
in CH2Cl2 at 22 °C. B. A plot of depletion of absorbance of MB
•+
 (blue circles, at 
728 nm) and an increase of the absorbance of T2
•+
 (green triangles, at 1158 nm) 
against the equivalent of added neutral T2. C. Comparison of the absorption 
spectra and molar absorptivity of T1
•+
 (blue line), T2
•+
 (purple line), T3
•+
 (grey 
line), and T4
•+
 (green line). 
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  Furthermore, a plot of the depletion of MB
•+
 and formation of T2
•+
 against the 
increments of added neutral T2 (Figure 3B) established that MB
•+
 was completely 
consumed after the addition of 1 equiv of T2; the resulting absorption spectrum of T2
•+
 
remained unchanged upon further addition of neutral T2 (i.e., eq. 1). 
T2 + MB•+ MB + T2•+ (eq. 1)
 
The radical-cation absorption spectra of T2
•+ 
[max (log ) = 660, 1158 (4.38)], 
T3
•+
 [max (log ) = 454, 670, 1292 (4.39)], and T4
•+
 [max (log ) = 248, 622, 1300 
(3.99)] contained a pair of absorption bands characteristic of the parent tetratolylethylene 
cation radical T1
•+ 
[max (log ) = 522, 882 (4.40)];
11 
and the twin absorption bands of the 
purple-colored T1
•+
 not only considerably red shifted in the green-colored T2
•+
, but there 
was also a considerable increase in its molar absorptivity (vide infra). However, the 
absorption spectra of T3
•+
 and T4
•+
 were rather similar and were only slightly red shifted 
(~200 nm) when compared to T2
•+
. Furthermore, the molar absorptivities of T2-T4 
cation radical were similar but considerably higher as compared to parent T1 cation 
radical (Figure 3C and Table 1).  
As such, the observed saturation of the low-energy transition as well as molar 
absorptivity beyond T3
•+
  suggests that conjugation length for the stabilization of the 
cationic charge in TPEs is limited to only 2-3 phenylene moieties on each poly-p-
phenylene arm connected to ethylenic core. Furthermore, this observation is also 
consistent with the localization of HOMO in T4 which extends only up to 3 phenylene 
moieties of quarter-p-phenylene arms of T4, see Figure 4. 
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Figure 4. HOMO of T4 with quarter-p-phenylene arms, calculated using Density 
Functional Theory (DFT) at B3LYP/6-31G* level, extends only up to 3 
phenylene moieties in each arm. 
 
 
 
Figure 5.  A. Comparison of the UV-vis absorption spectra and molar 
absorptivity of T1-T4 as dilute solutions in CH2Cl2 at 22 C. B. Comparison of 
the excitation (left) and emission spectra (right) of T2-T4 as 6.7 × 10
-6
 M 
solutions in CH2Cl2 at 22 C upon excitation at the low-energy absorption bands 
(see Table 1). 
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The optical properties of neutral TPEs were evaluated with the aid of UV-Vis and 
emission spectroscopy as follows. The electronic absorption spectra of T1-T4, in 
dichloromethane, were recorded under identical concentration and temperature (22 
°
C) 
and are compiled in Figure 5. All TPEs showed a characteristic twin absorption band that 
shifted bathochromically with the increasing number of phenylene moieties in T1-T4. 
Although, the molar extinction coefficients exhibited almost a linear increase with the 
increasing number of phenylene units in T1–T4 (Table 1, vide supra), the absorption 
maxima did not show a similar linear red shift but exhibited a saturation behaviour akin 
to that observed above for the electronic transitions in their cation radical spectra 
(compare Figures 3C and 5A).   
The emission spectra of T1-T4 were recorded under conditions of constant 
concentration (6.7 × 10
-6 
M solution in dichloromethane) and temperature (22 
°
C) and are 
compared along with their excitation spectra in Figure 6. Expectedly, the parent 
tetratolylethylene (T1) did not show an observable emission owing to the fact that the 
excited state in terarylethylenes and stilbenes undergoes a facile radiation less 
deactivation owing to a twisting motion around the C=C bond.
12
 Interestingly, however, 
T2-T4 showed an (invariant) emission band centred at 520 nm, and the emission intensity 
linearly increased with the increasing number of phenylene moieties from T2 to T4 (see 
Figure 5B). The fluorescence quantum yields for T2-T4 were also determined using 9,10-
diphenylanthracene (Φ = 0.91)13 as a standard (see the Supporting Information for the 
experimental details) and the values are compiled in Table 1. The quantum yield data in 
Table 1 show that there is a modest increase in the fluorescence quantum yield from T2 
(Φ = 0.01) to T3 (Φ = 0.02) to T4 (Φ = 0.04).  
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As such, the observation of relatively weak emission from T2-T4 suggests that 
the emission largely arises from a reorganization of the ethylenic-centered exciton to the 
poly-p-phenylene groups of the T2-T4.
14 
Indeed, a comparison of the emission spectra of 
poly-p-phenylenes
3
 with that of T2-T4 show a reasonable spectral similarity, however, at 
this juncture, we are unable to reconcile the invariance of the emission bands of T2-T4. 
Further studies using time-resolved spectroscopy as well as theoretical calculations will 
be required to pinpoint the origin of the observed emission of T2-T4. 
In summary, we have developed an efficient synthesis of soluble tetrakis(poly-p-
phenylene)ethylenes (TPEs), where poly-p-phenylene units contain up to 4 phenylene 
moieties, from easily available precursors.  Various TPEs undergo reversible 
electrochemical oxidations and form stable cation-radical salts in solution which are 
stabilized by charge delocalization onto the poly-p-phenylene arms. The evaluation of 
absorption/emission properties of various TPEs showed that the intramolecular 
reorganization of exciton energy from the non-emissive tetraphenylethylene core to the 
poly-p-phenylene arms allows them to emit. The efforts are underway to develop more 
effective emitters based on tetrakis(poly-p-phenylene) derivatives in which C=C bond 
rotations, responsible for the radiation-less deactivation of the excited state, are 
hampered.  
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EXPERIMENTAL 
 
General Experimental Methods and Materials. All reactions were performed under 
argon atmosphere unless otherwise noted. All commercial reagents were used without 
further purification unless otherwise noted. The synthesis of T1, T2 and T3 were done by 
Dr. Moloy Banerjee while the purification, characterization and subsequent studies were 
performed by me. Dichloromethane (Aldrich) was repeatedly stirred with fresh aliquots 
of concentrated sulfuric acid (~10 % by volume) until the acid layer remained colorless. 
After separation it was washed successively with water, aqueous sodium bicarbonate, 
water, and aqueous sodium chloride and dried over anhydrous calcium chloride. The 
dichloromethane was distilled twice from P2O5 under an argon atmosphere and stored in 
a Schlenk flask equipped with a Teflon valve fitted with Viton O-rings. The hexanes and 
toluene were distilled from P2O5 under an argon atmosphere and then refluxed over 
calcium hydride (~12 h). After distillation from CaH2, the solvents were stored in 
Schlenk flasks under an argon atmosphere. Tetrahydrofuran (THF) was dried initially by 
distilling over lithium aluminum hydride under an argon atmosphere. The THF was 
further refluxed over metallic sodium in the presence of benzophenone until a persistent 
blue color was obtained and then it was distilled under an argon atmosphere and stored in 
a Schlenk flask equipped with a Teflon valve fitted with Viton O-rings. NMR spectra 
were recorded on Varian 300 and 400 MHz NMR spectrometers.  
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Cyclic Voltammetry (CV). The CV cell was of an air-tight design with high vacuum 
Teflon valves and Viton O-ring seals to allow an inert atmosphere to be maintained 
without contamination by grease. The working electrode consisted of an adjustable 
platinum disk embedded in a glass seal to allow periodic polishing (with a fine emery 
cloth) without changing the surface area (~1 mm2) significantly. The reference SCE 
electrode (saturated calomel electrode) and its salt bridge were separated from the 
catholyte by a sintered glass frit. The counter electrode consisted of platinum gauze that 
was separated from the working electrode by ~3 mm. The CV measurements were carried 
out in a solution of 0.2 M supporting electrolyte (tetra-n-butylammonium 
hexafluorophosphate, TBAH) and 2-5 x 10
-3
 M substrate in dry dichloromethane under 
an argon atmosphere. All the cyclic voltammograms were recorded at a sweep rate of 200 
mV sec
-1
, unless otherwise specified and were IR compensated. The oxidation potentials 
(E1/2) were referenced to SCE, which was calibrated with added (equimolar) ferrocene 
(E1/2 = 0.450 V vs. SCE). The E1/2 values were calculated by taking the average of anodic 
and cathodic peak potentials in the reversible cyclic voltammograms. 
 
Procedure for the Spectral Titration of Tris(4-bromophenyl)aminium 
hexachloroantimonate (MB
+•
 SBCl6
-
) with TPEs.  A deep blue solution of MB
+•
 SbCl6
-
 
in dichloromethane (3 mL, 5.5 × 10
-5
 M) was transferred under an argon atmosphere in a 
1-cm quartz cuvette at room temperature. A dichloromethane solution (2 × 10
-3
 M) of 
TPEs in 16 L increments was added to this solution. The UV-vis spectra and NIR 
spectra of the resulting solutions, after the addition of each increment, were recorded at 
22 C. 
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Procedure used for calculating Fluorescence quantum yield. Fluorescence quantum 
yields were measured by the serial dilution method, summarized as follows. For a given 
fluorescent compound five solutions of different dilutions were prepared; concentrations 
varied in such a way that the absorbance at λmax varied from 0.01 to 0.10. For each 
sample, two excitation wavelengths were used for the emission measurements.  While the 
first wavelength corresponds to absorption maxima of ethylene, the second more intense 
absorption corresponds to absorption maxima of phenyl rings. The slope (or gradient) of 
the best-fit line of the resulting linear plot of absorbance versus integrated emission was 
compared to a similar gradient measured for a reference fluorophore, for which the 
quantum yield is known. Since the reference and the sample were measured in two 
different solvents, a correction for refractive index is applied, and the fluorescence 
quantum yield was calculated according to Equation 1. For this work, 9,10 
diphenylanthracene in cyclohexane (ФF = 0.91) 
S1, S2
 was chosen as reference since its 
absorption and emission bands are similar in energy to the compounds being studied 
herein. 9,10 diphenylanthracene was cross calibrated with anthracene in ethanol (ФF = 
0.27)  
ФF = ФF(ref) (Grad (x)/Grad (st)) (η
2
x/η
2
st) (eq. 1) 
ФF = Fluorescence Quantum yield 
Grad = Slope of integrated fluorescnence versus Absorption 
η = Refractive index of solvent 
[S1] Hamai, S.; Hirayama, F. J. Phys. Chem. 1983, 87, 83-89.  
[S2] Valeur, B. Molecular Fluorescence, Principles and Applications: Wiley-VCH; New 
York, 2002. 
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Synthesis of TPEs. The preparation of B-[4-(1-pentylnonyl)phenyl]- boronic acid, B-[4'-
(1-pentylnonyl)[1,1'-biphenyl]-4-yl]- boronic acid, and B-[4''-(1-pentylnonyl)[1,1':4',1''-
terphenyl]-4-yl]- boronic acid and the intermediates therein has been reported elsewhere. 
(J. Am. Chem. Soc. 2009, 131, 1780). 
 
Tetrakis(4-bromophenyl)ethylene 
Br Br
BrBr  
 In the lower part of a desiccator was placed an open vessel containing bromine 
(11.58 mL, 217.16 mmol). An evaporating dish containing finely powdered 
tetraphenylethylene (10.3 g, 31.02 mmol) was placed on the rack above the bromine. The 
lid of the desiccator was not completely closed thereby leaving a small vent for the 
escape of hydrogen bromide that is formed in the reaction. After four days, a reddish 
brown solid was formed which was then allowed to stand until constant weight was 
obtained. The crude product was recrystallized with dichloromethane/methanol (2:1) to 
produce white crystals (18.0 g, 90 %); 
1
H NMR (CDCl3)  6.85 (8H, d, J = 8.56 Hz,),  
7.26 (8H, d, J = 8.56 Hz,) .
13
C NMR (CDCl3) 121.50, 131.52, 132.98, 139.82, 141.69. 
 
 Synthesis of Tetrakis(4-methylphenyl)ethylene (T1)  
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T1 was prepared as per literature published procedure. (Eric Bosch and Jay K. Kochi, J. 
Am. Chem. Soc. 1996, 118, 1319) m.p. 149-150 C 1H NMR (CDCl3): δ 6.93 (16H, m), 
2.28 (12H, s). 
13
C NMR (CDCl3): δ 141.56, 140.06, 135.86, 131.44, 128.52, 21.40. 
 
Synthesis of T2 
 
 
 To a degassed (Ar) solution of tetrakis(4-bromophenyl) ethylene   (0.16 g, 0.25 
mmol), B-[4-(1-pentylnonyl)phenyl]- boronic acid (0.36 g, 1.13 mmol), Pd(PPh3)4 
catalyst (0.05 g, 0.05 mmol ) in 1,2-dimethoxyethane (75 mL), a solution of  2 M 
aqueous Na2CO3 solution (20 mL) was added via syringe. The mixture was refluxed 
under argon atmosphere and complete exclusion of light for 18 hours after which it was 
quenched by adding water. The organic layer was extracted with dichloromethane, 
washed consecutively with water and brine before being dried over MgSO4. The solvent 
was then removed under reduced pressure. The crude product was then chromatographed 
over silica gel using hexane/toluene (19:1) as eluent to afford T2 (0.30 g, 84.3 %) as a 
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green viscous oil, 
1
H NMR (CDCl3): δ 7.53 (8H, d, J
 
= 8.35 Hz), 7.43 (8H, d, J
 
= 8.40 
Hz), 7.18 (16H, m), 2.52 (4H, m), 1.73-147 (16H, m), 1.39-1.06 (72H, m), 0.87 (24H, m). 
13
C NMR (CDCl3): δ 145.77, 142.87, 140.58, 139.08, 138.10, 132.15, 128.23, 126.77, 
126.24, 45.94, 37.21, 32.17, 32.23, 32.10, 30.00, 29.74, 29.54, 27.86, 27.54, 22.89, 22.80, 
14.33, 14.31. 
 
Synthesis of T3  
 
 To a degassed (Ar) solution of tetrakis(4-bromophenyl) ethylene   (0.16 g, 0.25 
mmol), B-[4'-(1-pentylnonyl)[1,1'-biphenyl]-4-yl]- boronic acid,  (0.45 g, 1.13 mmol), 
Pd(PPh3)4 catalyst (0.05 g, 0.05 mmol ) in 1,2-dimethoxyethane (75 mL), a solution of  2 
M aqueous Na2CO3 solution (20 mL) was added via syringe. The mixture was refluxed 
under argon atmosphere and complete exclusion of light for 18 hours after which it was 
quenched with the addition of water. The organic layer was extracted with 
dichloromethane, washed consecutively with water and brine before being dried over 
MgSO4. The solvent was then removed under reduced pressure. The crude product was 
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then chromatographed over silica gel using hexane/toluene (4:1) as eluent to afford T3 
(0.35 g, 81.1 %) as a green viscous oil, 
1
H NMR (CDCl3): δ 7.65 (16H, m),7.55 (8H, d, J
 
= 8.11 Hz), 7.47 (8H, d, J
 
= 8.24 Hz), 7.22 (16H, m), 2.53 (4H, m), 1.72-1.51 (16H, m), 
1.35-1.09 (72H, m), 0.86 (24H, m).
 13
C NMR (CDCl3): δ 145.95, 143.09, 140.69, 140.15, 
139.23, 138.78, 138.13, 132.28, 128.30, 127.39, 127.33, 126.90, 126.41, 45.95, 37.19, 
37.15, 32.25, 32.11, 30.03, 29.76, 29.57, 27.89, 27.58, 22.90, 22.82, 14.36. 
 
Synthesis of T4 
 
 To a degassed (Ar) solution of tetrakis(4-bromophenyl) ethylene   (0.16 g, 0.25 
mmol), B-[4''-(1-pentylnonyl)[1,1':4',1''-terphenyl]-4-yl]- boronic acid,  (0.53 g, 1.13 
mmol), Pd(PPh3)4 catalyst (0.05 g, 0.05 mmol ) in 1,2-dimethoxyethane (75 mL), a 
solution of  2 M aqueous Na2CO3 solution (20 mL) was added via syringe. The mixture 
was refluxed under argon atmosphere and complete exclusion of light for 24 hours after 
which it was quenched with the addition of water. The organic layer was extracted with 
dichloromethane, washed consecutively with water and brine before being dried over 
MgSO4. The solvent was then removed under reduced pressure. The crude product was 
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then chromatographed over silica gel using hexane/toluene (2.3:1) as eluent to afford T4 
(0.40 g, 78.8 %) as a green colored viscous oil which solidifies on standing, m.p. 168-170 
C . 1H NMR (CDCl3): δ 7.67 (32H, m), 7.55 (8H, d, J
 
= 8.11 Hz), 7.48 (8H, d, J
 
= 8.24 
Hz), 7.22 (16H, m), 2.53 (4H, m), 1.73-1.51 (16H, m), 1.36-1.11 (72H, m), 0.88 (24H, 
m). 
13
C NMR (CDCl3): δ 146.02, 143.13, 140.73, 140.32, 139.68, 139.60, 139.23, 
138.73, 138.08, 132.33, 132.32, 128.32, 127.50, 127.45, 127.42, 126.93, 126.47, 45.95, 
37.16, 37.12, 32.25, 32.11, 30.03, 29.76, 29.56, 27.89, 27.57, 22.90, 22.82, 14.35. 
 
 
1
H NMR spectrum of tetrakis(4-bromophenylethylene 
 
 
 
 
 
 
 
PPM   7.30     7.20     7.10     7.00     6.90     6.80   
Br Br
BrBr
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13
C NMR spectrum of tetrakis(4-bromophenylethylene 
 
 
 
 
 
 
1
H NMR spectrum of tetrakis(4-methylphenyl)ethylene (T1) 
 
 
 
PPM  140.0    130.0    120.0    110.0    100.0    90.0     80.0   
PPM  7.0     6.0     5.0     4.0     3.0     2.0   
Br Br
BrBr
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13
C NMR spectrum of tetrakis(4-methylphenyl)ethylene (T1) 
 
 
 
 
1
H NMR spectrum of T2 
 
 
 
 
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM  7.0     6.0     5.0     4.0     3.0     2.0     1.0   
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13
C NMR spectrum of T2 
 
 
 
 
 
1
H NMR spectrum of T3: 
 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
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13
C NMR spectrum of T3 
 
 
 
 
 
1
H NMR spectrum of T4 
 
 
 
 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
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13
C NMR spectrum of T4 
 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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MALDI mass spectra of T2 
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MALDI mass spectra of T3
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MALDI mass spectra of T4 
 
CHAPTER 1B 
 
Preparation of a tetraphenylethylene-based emitter:    
Synthesis, structure and optoelectronic properties of 
tetrakis(pentaphenylphenyl)ethylene 
(Chemical Communications 2010, 46, 1065-1067. DOI: 10.1039/B923915D) 
 
 
 
Abstract: A simple synthesis of soluble tetrakis(pentaphenylphenyl)ethylene (1), is 
accomplished utilizing a two step synthesis from a readily-available tetrakis(4-
bromophenyl)ethylene via a facile 4 fold Sonogashira coupling with phenylacetylene 
followed by cycloaddition with tetraphenylcyclopentadienone. Introduction of dendritic 
pentaphenylphenyl groups around the tetraphenylethylene (TPE) core results in  
significant steric crowding which restricts the rotation of =C-Ph bonds responsible for the 
non radiative decay of the exited state and thereby allowing the non-emissive TPE core to 
emit with  a quantum efficiency F = 0.13. Preparation and evaluation of the 
optoelectronic properties of the cation radical of 1 along with the comparison with 
various model compounds, further corroborate that introduction of steric crowding 
around the TPE core in 1 effectively stabilizes a single cationic charge. 
A.
B.
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INTRODUCTION 
 
Tetraphenylethylene (TPE) and its derivatives have attracted considerable 
attention owing to their rich electrochemical
1
 and excited state properties
2
 as well as 
potential for incorporation into various optoelectronic and optomechanical switching and 
storage devices.
3-5
 It is well known that TPE and its derivatives do not emit in solution 
due to the intramolecular rotations of phenyl rings along the  =C-Ph  bonds
6
 and twisting 
of the C=C bond in the excited state which serve as non-radiative relaxation channels for 
the decay of excited state,
7 
i.e. Fig. 1. 
 
 
Figure 1. Non-radiative decay pathways in TPEs and the exciton 
reorganization in its p-terphenyl derivative T3. 
 
Our recent effort of introducing strongly emitting poly-p-phenylenes to the non 
emitting tetraphenylethylene core (Fig. 1) met with limited success where the observed 
weak emission in tetrakis(p-terphenyl)ethylene (T3) arises largely from a reorganization 
of the ethylenic-centered exciton to the p-terphenyl groups (quantum yield ΦF = 0.02).
8
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Our continuing pursuit of developing more effective emitters based on TPE core 
led us to conjecture that if steric bulk is built around the phenyl rings of TPE core, it may 
restrict the intramolecular rotations responsible for non-radiative deactivation pathways 
(see Fig. 1).  As such this conjecture is based on the fact that TPE-based molecules show 
enhanced emission in their aggregates where close packing of the aromatic rings causes 
severe restricted rotations of the =C-Ph  and C=C bonds and thereby inhibits theses non-
radiative deactivation pathways.
6,7 
It was envisioned that a highly hindered 
tetrakis(pentaphenylphenyl)ethylene (1) – a dendritic structure in which the phenyl rings 
of TPE core are also the part of hexaphenylbenzene (HPB) propellers may realize the 
criteria set forth above for the restricted rotations (Fig. 2).  
 
1  
Figure 2. A dendritic TPE derivative 1 in which the phenyls of TPE are 
part of hexaphenylbenzene propeller.  
 
It is well known that phenyl rings forming the HPB propeller do not undergo free 
rotations.
9
  Furthermore, the steric bulk posed by the four large HPB propeller in 1 shall 
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(i) restrict the C—HPB rotation as well as (ii) hamper the C=C bond rotation in the 
excited state and thereby reduce the radiation-less deactivation of the excited state.   
 
Accordingly, herein we report a simple preparation of 1 and show that its 
emission is significantly enhanced in comparison to various model compounds. 
Furthermore, the structure of 1 was established by X-ray crystallography and was also 
shown that it forms a stable cation-radical salt in which the single charge is largely 
localized onto TPE core by spectral comparison with the cation radicals of the model 
compounds.  
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RESULTS and DISCUSSION 
 
Thus, a fourfold Sonogashira coupling of readily-available tetrakis(4-
bromophenyl)ethylene
10
 with phenyl-acetylene in the presence of a catalytic amounts of 
Pd(0) in refluxing triethylamine afforded tetrakis(4-phenyl-ethylnylphenyl)ethylene in 
excellent yield. Subsequent cycloaddition reaction of the tetraacetylenic derivative with 
tetraphenylcyclopentadienone in refluxing diphenyl ether for 24 h afforded 1 (Scheme 1). 
Synthesis of a model TPE derivative 2 in which only one phenyl of TPE is substituted 
with hexaphenylbenzene has been described earlier.
11
 The structure of 1 was easily 
established by 
1
H/
13
C NMR spectroscopy and was further confirmed by X-ray 
crystallography (see Fig. 3 and Experimental section for additional details). 
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Scheme 1. Synthesis of tetrakis(pentaphenylphenyl)ethylene (1) and 
model TPE 2. 
BrBr
Br Br
+
Ph Ph
PhPh
O
Ph
PhPh
Ph
Br2
Pd(PPh4)4
CuI
Et3N/reflux
Ph2O/reflux
95%
95%
95%
Ph
Ph Ph
Ph
Ph
12
 
The crystals of 1 suitable for X-ray crystallography were obtained from a solution 
of dichloroethane. In the X-ray crystal structure, the molecule of 1 is positioned at the 
crystallographic 2-fold axis along the central ethylenic bond which is twisted by 10.5º. 
The dihedral angles between phenyl rings in each hexaphenylbenzene moiety in 1 are 
varied between 50-70
o
 intervals. Furthermore, the apparent difference in the orientation 
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of peripheral pentaphenylphenyl groups relative to the central double bond is caused by 
their different orientation at two ethylenic carbon (i.e. +60/+60 degree rotation at C1 and 
+60/-60 deg rotation at C2). The close packing of molecules of 1 leads to formation of 
large channels along the z axis which are filled by 7 molar equivalents of disordered 
dichloroethane molecules (Fig. 3). 
 
Figure 3. A. The molecular structure of 1 shown as ORTEP diagram 
(thermal ellipsoids drawn in 50% probability). B. Packing arrangement of 1 in a 
unit cell showing the presence of large channels, filled by multiple dichloroethane 
molecules, along the z axis. 
A.
B.
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Figure 4. A. The absorption spectra of TPE and HPB. B. Comparison of 
absorption spectrum of 1 with the spectrum obtained by digital addition of the 
absorption spectra of TPE and HPB in 1:4 ratio. C. Comparison of the absorption 
spectrum of 2 with the spectrum obtained by digital addition of the absorption 
spectra of TPE and HPB in 1:1 ratio. 
 
The electronic absorption spectra of 10
-6 
M dendritic 1 [λmax(log ) = 246 nm 
(5.24), ~348 nm (4.31)] and model compound 2 [λmax (log ) = 242 nm (4.87), ~316 nm 
(4.33)] in dichloromethane solution at 22 C showed that they contained the absorption 
features both due to the tetraphenylethylene [TPE: λmax(log ) = 239 nm (4.37),  306 nm 
(4.15)] and hexaphenylbenzene [HPB: λmax(log ) = 246 nm (4.69),  sh. 275 nm (4.21)] 
chromophores (Fig.  4A). Indeed, a digital addition of the two spectra of TPE and HPB 
in 1:4 and 1:1 ratio produces the absorption spectra that are strikingly similar to the 
absorption spectra of 1 and 2, respectively. The similarity of the absorption spectra of 1 
and 2 obtained by digital addition and of the authentic samples suggests a weak electronic 
coupling between the two chromophores (Figs. 4B and 4C).  
A B C
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Figure 5. Comparison of the emission spectra of HPB, dendritic 1 and T3 
as 6.7 × 10
-6
 M solutions in CH2Cl2 at 22 C. Note that TPE and 2 did not show 
not produce any emission under these conditions. 
 
In dichloromethane solution, while tetraphenylethylene (TPE) does not show an 
observable emission, hexaphenylbenzene (HPB) shows a weak emission band centred at 
334 nm (Fig. 5). The emission spectrum of dendritic 1, under identical conditions, shows 
a strong emission band centred at 520 nm while the model compound 2 containing only 
one pentaphenylphenyl group does not show any discernable emission. The emission 
maximum remains unchanged irrespective of the wavelength of excitation, i.e. at 348 nm 
(where the absorption is dominated by HPBs) or 246 nm (where the absorption is 
dominated by TPE core). The emission intensity of 1 however increases ~2 fold on 
changing the excitation wavelength from 348 nm to 246 nm suggesting a possible exciton 
reorganization from HPB to TPE core.
12
 Although, the shape and position of emission 
spectrum of 1 is similar to that obtained for T3 (Fig. 5), roughly a 6-fold increase in 
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emission quantum yield (Φ = 0.13) was observed when compared with T3 (Φ = 0.02). As 
such, a dramatically enhanced quantum efficiency of emission for 1 in comparison to T3 
suggest that the presence of four pentaphenylphenyl groups causes sufficient steric 
hindrance to significantly restrict the rotational/relaxation of the excited state of 1 via 
non-radiative modes. It is further emphasized that a complete lack of emission from 
model 2 suggests that one pentaphenylphenyl group is not sufficient to cause the 
restricted rotations of phenyl rings in 2.   
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+ 
Figure 6.  Cyclic voltammogram of 1 x 10
-3 
M TPE (1.36 and 1.64 V), T3 
(1.15 and 1.25 V), 2 (1.27 and 1.53 V) and 1 (1.09 and 1.45 V vs SCE)  in CH2Cl2 
containing 0.2 M (n-Bu)4NPF6 at 22 °C at scan rate of 100 mV s
-1
. 
 
The redox behaviour of 1 and various model compounds (TPE, T3 and 2) was 
evaluated by electrochemical oxidation at a platinum electrode as a 1 × 10
-3
 M solution in 
dichloromethane containing 0.2 M tetra-n-butyl-ammonium hexafluorophosphate (n-
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Bu4NPF6) as the supporting electrolyte. The cyclic voltammograms of various electron 
donors in Fig. 6 show the presence of two 1-electron oxidation waves with the first wave 
being completely reversible while the second wave was found to be quasi reversible in 
case of model compound 2 and parent TPE. The oxidation potentials corresponding to the 
first and second oxidations i.e. loss of one and two electrons respectively, were 
referenced to added ferrocene, as an internal standard (Eox = 0.45 V vs. SCE) and are 
listed in the legend in Fig. 6.
 13 
A comparison of the first electrochemical oxidation potential of TPE with the 1 
and 2 shows that replacement of phenyl rings in TPE with sterically demanding HPB 
decreases both, the Eox1 values. While a substitution of one phenyl ring of TPE with HPB 
in model compound 2 results in a modest decrease of ~90 mV in Eox1, the replacement of 
all four phenyl rings with HPB in 1 result in a dramatic decrease of 270 mV in the Eox1 
value.  As such the decrease in the oxidation potentials of 1 and 2 in comparison to parent 
TPE can be reconciled by the fact that a 1-e
-
 oxidation of tetraarylethylene donors leads 
to a twisting of C=C bond
14
 by ~30-40
o
 which in case of 1 and 2 will result in a 
significant release of steric strain caused by bulky HPB groups. Such a conclusion is 
further supported by the fact that a decrease in the Eox1 value of ~210 mV of T3 in 
comparison to TPE arises owing to the delocalization of charge onto the planarized 
terphenyl groups. Furthermore, such a planarization of the terphenyl groups in 1 is not 
feasible because of the steric hindrance posed by ortho-phenyls which force the 
localization of the HOMO exclusively onto the TPE core, i.e. Fig. 7. 
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Figure 7.  HOMO of 1 and T3 obtained by AM1 calculations. 
 
 
 
The positioning of the HOMOs in 1 and T3 (see Fig. 7) was further corroborated 
by the comparison of the absorption of their cation radicals together with the cation 
radical spectra of model compounds (i.e. TPE and 2). The cation radicals of various 
ethylenic donors were generated using either a hindered naphthalene (NAP)
15
 or a 
triarylamine (MB)
16
 cation-radical salt as robust 1-electron oxidants.  
 
 
For example, Fig. 8A shows the spectral changes attendant upon the reduction of 
NAP
+●
 SbCl6
-
 [max (log ) = 672 nm (3.97)] by an incremental addition of 1 to its cation 
radical 1
+●
 in dichloromethane at 22 °C. The presence of well-defined isosbestic points at 
654 and 694 nm in Fig. 8A established the uncluttered character of the electron transfer. 
Furthermore, a plot of the depletion of NAP
+●
 and formation of 1
+●
 against the 
1
T3
Ered 1.34 1.15
o
(V vs. SCE)
Br NH2
3
MBNAP+
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increments of added neutral 1 (Fig. 8B) established that NAP
+●
 was completely 
consumed after the addition of 1 equiv of neutral 1; and the resulting absorption spectrum 
of 1
+●
 remained unchanged upon further addition of neutral 1  (i.e., eq. 1). 
1 + NAP+ 1+ + NAP (eq. 1)  
 The radical-cation absorption spectra of 1
+● 
[max (log ) = 400, 580, 1138 
(3.99)] contained a pair of characteristic absorption bands which was comparable to the 
absorption spectra of both parent TPE cation radical
 
[max (log ) = 490, 842 (3.72)]
14 
and 
model 2
+● 
[max (log ) = 496, 1004 (3.64)].  In contrast, however, the twin absorption 
bands of T3
+●
 [max (log ) = 454, 670, 1292 (4.39)], with relatively high molar 
absorptivity, were significantly red shifted as compared to 1
+●
 and thereby further attest 
that a single charge in 1 is localized at the TPE core whereas in T3 it is localized onto the 
enlarged chromore (compare Figs. 7 and 8C).  
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Figure 8.  A. Spectral changes upon the reduction of 3.36 x 10
-5
 M NAP
+●
 
(green) by an incremental addition of 1.0 x 10
-3
 M 1 to its radical cation (blue) in 
CH2Cl2 at 22 °C. B. A plot of depletion of absorbance of NAP
+●
 (red circles, at 
672 nm) and an increase of the absorbance of 1
+●
 (blue triangles, at 1138 nm) 
against the equivalent of added neutral 1. C. Comparison of the absorption spectra 
and molar absorptivity of TPE
+●
, 2
+●
, 1
+●
, and T3
+●
 (as indicated). 
 
In summary, we have demonstrated that emission of TPE core can be significantly 
enhanced by building the steric bulk around the TPE core which significantly reduces 
various rotational pathways responsible for the non-radiative decay. A thorough 
investigation of optoelectronic properties of 1 and its cation radical in comparison with 
various model compounds further confirms that steric effects not only render 1 to emit 
but allows it to stabilize a single charge by releasing steric strain by C=C bond rotation in 
its cation radical. 
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EXPERIMENTAL 
 
General Experimental Methods and Materials. All reactions were performed under 
argon atmosphere unless otherwise noted. All commercial reagents were used without 
further purification unless otherwise noted. Dichloromethane (Aldrich) was repeatedly 
stirred with fresh aliquots of concentrated sulfuric acid (~10 % by volume) until the acid 
layer remained colorless. After separation it was washed successively with water, 
aqueous sodium bicarbonate, water, and aqueous sodium chloride and dried over 
anhydrous calcium chloride. The dichloromethane was distilled twice from P2O5 under an 
argon atmosphere and stored in a Schlenk flask equipped with a Teflon valve fitted with 
Viton O-rings. The hexanes and toluene were distilled from P2O5 under an argon 
atmosphere and then refluxed over calcium hydride (~12 h). After distillation from CaH2, 
the solvents were stored in Schlenk flasks under an argon atmosphere. Tetrahydrofuran 
(THF) was dried initially by distilling over lithium aluminum hydride under an argon 
atmosphere. The THF was further refluxed over metallic sodium in the presence of 
benzophenone until a persistent blue color was obtained and then it was distilled under an 
argon atmosphere and stored in a Schlenk flask equipped with a Teflon valve fitted with 
Viton O-rings. NMR spectra were recorded on Varian 300 and 400 MHz NMR 
spectrometers.  
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Cyclic Voltammetry (CV). The CV cell was of an air-tight design with high vacuum 
Teflon valves and Viton O-ring seals to allow an inert atmosphere to be maintained 
without contamination by grease. The working electrode consisted of an adjustable 
platinum disk embedded in a glass seal to allow periodic polishing (with a fine emery 
cloth) without changing the surface area (~1 mm2) significantly. The reference SCE 
electrode (saturated calomel electrode) and its salt bridge were separated from the 
catholyte by a sintered glass frit. The counter electrode consisted of platinum gauze that 
was separated from the working electrode by ~3 mm. The CV measurements were carried 
out in a solution of 0.2 M supporting electrolyte (tetra-n-butylammonium 
hexafluorophosphate, TBAH) and 2-5 x 10
-3
 M substrate in dry dichloromethane under 
an argon atmosphere. All the cyclic voltammograms were recorded at a sweep rate of 200 
mV sec
-1
, unless otherwise specified and were IR compensated. The oxidation potentials 
(E1/2) were referenced to SCE, which was calibrated with added (equimolar) ferrocene 
(E1/2 = 0.450 V vs. SCE). The E1/2 values were calculated by taking the average of anodic 
and cathodic peak potentials in the reversible cyclic voltammograms. 
 
Procedure for the Spectral Titration of [Nap
●+
 SbCl6
-
] with 1.  A deep blue solution of 
Nap
●+
 SbCl6
-
 in dichloromethane (3 mL, 3.36 × 10
-5
 M) was transferred under an argon 
atmosphere in a 1-cm quartz cuvette equipped with a Schlenk adaptor at room 
temperature. A dichloromethane solution (2 × 10
-3
 M) of TE was added incrementally to 
this solution. The UV-vis spectra and NIR spectra of the resulting solutions, after the 
addition of each increment, were recorded at 22 C. 
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Procedure used for calculating Fluorescence quantum yield. Fluorescence quantum 
yields were measured by the serial dilution method, summarized as follows. For a given 
fluorescent compound five solutions of different dilutions were prepared; concentrations 
varied in such a way that the absorbance at λmax varied from 0.01 to 0.10. For each 
sample, two excitation wavelengths were used for the emission measurements.  While the 
first wavelength corresponds to absorption maxima of ethylene, the second more intense 
absorption corresponds to absorption maxima of phenyl rings. The slope (or gradient) of 
the best-fit line of the resulting linear plot of absorbance versus integrated emission was 
compared to a similar gradient measured for a reference fluorophore, for which the 
quantum yield is known. Since the reference and the sample were measured in two 
different solvents, a correction for refractive index is applied, and the fluorescence 
quantum yield was calculated according to Equation 1. For this work, 9,10 
diphenylanthracene in cyclohexane (ФF = 0.91) 
S1, S2
 was chosen as reference since its 
absorption and emission bands are similar in energy to the compounds being studied 
herein. 9,10 diphenylanthracene was cross calibrated with anthracene in ethanol (ФF = 
0.27)  
ФF = ФF(ref) (Grad (x)/Grad (st)) (η
2
x/η
2
st) (eq. 1) 
ФF = Fluorescence Quantum yield 
Grad = Slope of integrated fluorescnence versus Absorption 
η = Refractive index of solvent 
[S1] Hamai, S.; Hirayama, F. J. Phys. Chem. 1983, 87, 83-89.  
[S2] Valeur, B. Molecular Fluorescence, Principles and Applications: Wiley-VCH; New 
York, 2002. 
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Synthesis of dendritic tetrakis(pentaphenylphenyl)ethylene (1) and model 
compounds. 
 
The model donor 2 containing only one pentaphenylphenyl group was prepared as per 
literature published procedure, i.e. Rathore, R.; Burns, C. L.; Abdelwahed, S. A. Org. 
Lett. 2001, 4, 1689. 
 
Tetrakis(4-bromophenyl)ethylene. 
Br Br
BrBr  
 In the lower part of a desiccator was placed an open vessel containing bromine 
(11.58 mL, 217.16 mmol). An evaporating dish containing finely powdered 
tetraphenylethylene (10.3 g, 31.02 mmol) was placed on the rack above the bromine. The 
lid of the desiccator was not completely closed thereby leaving a small vent for the 
escape of hydrogen bromide that is formed in the reaction. After four days, a reddish 
brown solid was formed which was then allowed to stand until constant weight was 
obtained. The crude product was recrystallized with dichloromethane/methanol (2:1) to 
produce white crystals (18.0 g, 90 %); 
1
H NMR (CDCl3)  6.85 (8H, d, J = 8.56 Hz,),  
7.26 (8H, d, J = 8.56 Hz,) .
13
C NMR (CDCl3) 121.50, 131.52, 132.98, 139.82, 141.69. 
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Synthesis of tetracetylenic derivative of TPE. 
 
 To a suspended solution of tetrakis(p-bromophenyl)ethylene   (1.26 g, 1.94 mmol) 
in  trimethylamine (45 mL) and toluene (15 mL), triphenylphosphine (0.19 g, 0.72 
mmol), Copper(I) iodide (0.13 g, 0.72 mmol) and Pd(PPh3)2Cl2 catalyst (0.39 g, 0.54 
mmol ) were added. The flask was evacuated and flushed with argon. Under stirring, the 
reaction mixture was heated to 60 C and phenylacetylene (1.68 mL, 14.4 mmol) was 
injected through a septum. After 15 min of stirring, the reaction was heated to 80 C for 
16 hours under argon atmosphere. After cooling, the reaction mixture was filtered and the 
green precipitate was thoroughly washed with hexane. The precipitate was then dissolved 
in dichloromethane and washed with 5% HCl solution. The solvent was then removed 
under reduced pressure to afford dark green colored powder (1.21 g, 85.2%). M.p. 222-
224 C. 1H NMR (CDCl3): δ 7.49 (8H, m), 7.32 (20H, m), 7.01 (8H, d, J
 
= 8.11 Hz). 
13
C 
NMR (CDCl3): δ 143.23, 141.13, 131.79, 131.64, 131.43, 128.55, 128.48, 123.40, 
121.99, 90.29, 89.54. 
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Synthesis of dendritic 1. 
Ph
Ph Ph
Ph
 
Tetracetylenic derivative of TPE (0.11 g, 0.15 mmol) and tetraphenylcyclopentadienone 
(0.69 g, 1.50 mmol) were dissolved in diphenyl ether (5 mL) and heated at 250 C for 24 
hours. On cooling, dichlormethane (5 mL) was added to the flask followed by methanol 
(30 mL) to get a yellowish brown precipitate that was filtered and washed with hexane. 
The crude product was then chromatographed over silica gel using hexane/ethyl acetate 
(4:1) as eluent to afford 1 (0.24 g, 74.2 %) as an off white solid. M.p. > 400 C. 1H NMR 
(CDCl3): δ 6.84 (80H, m), 6.75 (20H, m), 6.36 (8H, d, J
 
= 8.11 Hz), 6.00 (8H, d, J
 
= 8.11 
Hz). 
13
C NMR (CDCl3): δ 140.87, 140.79, 140.65, 140.44, 140.33, 131.77, 131.68, 
130.49, 130.12, 129.93, 126.81, 126.68, 125.39, 125.29, 123.41, 119.07. 
 
 
 
 
59 
 
1
H NMR spectrum of tetrakis(4-bromophenylethylene 
 
 
 
 
13
C NMR spectrum of tetrakis(4-bromophenylethylene 
 
 
 
PPM   7.30     7.20     7.10     7.00     6.90     6.80   
PPM  140.0    130.0    120.0    110.0    100.0    90.0     80.0   
Br Br
BrBr
Br Br
BrBr
60 
 
1
H NMR spectrum of tetraacetylenic TPE derivative 
 
13
C NMR spectrum of 1Precursor 
 
 
 
PPM   7.50     7.40     7.30     7.20     7.10     7.00     6.90   
CDCl3
PPM   140.0    130.0    120.0    110.0    100.0    90.0   
PPM  132.0    131.6   131.2    130.8   130.4   130.0    129.6   129.2    128.8   128.4    128.0  
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1
H NMR spectrum of 1 
 
13
C NMR spectrum of 1: 
 
 
PPM  7.0     6.8     6.6     6.4     6.2     6.0     5.8   
Ph
Ph Ph
Ph
PPM   140.8    140.4    140.0    139.6    139.2    138.8    138.4  
PPM  132.0    131.6    131.2    130.8    130.4    130.0  
PPM   126.0    125.0    124.0    123.0    122.0    121.0    120.0    119.0  
Ph
Ph Ph
Ph
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Table 1: Crystal data and structure refinement for dendritic 1. 
 
 
Identification code  raj16y 
Empirical formula  C184 H144 Cl14 
Formula weight  2851.29 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Orthorhombic 
Space group  P b c n 
Unit cell dimensions a = 18.2423(5) Å = 90°. 
 b = 33.9920(9) Å = 90°. 
 c = 24.7441(6) Å  = 90°. 
Volume 15343.6(7) Å3 
Z 4 
Density (calculated) 1.234 Mg/m3 
Absorption coefficient 2.711 mm-1 
F(000) 5944 
Crystal size 0.24 x 0.23 x 0.10 mm3 
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Theta range for data collection 2.60 to 67.97°. 
Index ranges 0<=h<=21, 0<=k<=39, 0<=l<=29 
Reflections collected 127844 
Independent reflections 13728 [R(int) = 0.0392] 
Completeness to theta = 67.97° 98.3 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7732 and 0.5623 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13728 / 30 / 968 
Goodness-of-fit on F2 1.049 
Final R indices [I>2sigma(I)] R1 = 0.0864, wR2 = 0.2291 
R indices (all data) R1 = 0.0985, wR2 = 0.2383 
Largest diff. peak and hole 1.172 and -0.938 e.Å-3 
 
 
 
 
CHAPTER 2 
 
Preparation of Alkyl Substituted Pyrenes 
 
 Pyrene has been well known for its fluorescence properties and characteristic 
excimer formation in concentrated solutions and in solid state due its self-association. The 
large flat surface of this polycyclic aromatic hydrocarbon upon oxidation is also known to 
self-associate with its neutral counterpart to form dimer cation radical with characteristic 
absorption features. This above characteristic features of pyrene has one hand encouraged 
its exploration in liquid crystalline materials, study of aggregation phenomena in 
dendrimers and in conformational study of proteins. On the other hand, numerous efforts 
have been made to prevent the stacking of the pyrene core for its blue emission to be 
exploited in photovoltaic devices. In addition, the irreversible oxidation of pyrene has 
impeded the generation and study of its cation radical and attempts to modify pyrene in 
order to generate its cation radical could not be possible without compromising the  
flatness of its flat aromatic core.  
 The present study is an attempt to introduce a minimum steric congestion around 
the pyrene core that can prevent its stacking in solution and in solid state. At the other 
extreme stable alkyl substituted pyrene is prepared that can undergo reversible oxidation 
such that its cation radical can be studied in solution as well as in solid state and at the 
same time no compromise is made with the flatness of parent pyrene. Attempts are also 
made then to progressively congest the pyrene core and study the consequence on -
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stacking ability of the pyrene core in solution as well as in solid state. Accordingly, this 
chapter is divided into two parts: 
(A)   Isolation and X-ray structural characterization of tetraisopropylpyrene cation 
radical. 
(B)  Steric modulation of -stacking in alkyl substituted pyrenes. 
 
CHAPTER 2A 
 
Isolation and X-ray Structural Characterization of 
Tetraisopropylpyrene Cation Radical 
 (Chemical Communications 2008, 1889-1891. DOI: 10.1039/b800168E) 
 
 
 
Abstract: A practical synthesis of 1,3,6,8-tetraisopropylpyrene and the isolation and X-
ray structural characterization of its monomeric cation radical salt provided unequivocal 
experimental evidence that a hole (or polaron) causes the elongation of the bonds on 
which the HOMO resides. 
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INTRODUCTION 
 
  Pyrene has been extensively utilized as a fluorescent probe for studying the 
conformational changes in proteins in solution owing to its long excited state lifetime 
and characteristic excimer formation due to its self association.
1
 The ability of pyrene 
to self associate into ordered structures has also been exploited in its usage as liquid 
crystalline materials.
2
 In stark contrast, it is this ability of - stacking and excimer 
formation in solution and solid state that has limited the usage of pyrene as an 
emissive material in organic light-emitting diodes (OLED’s) and related applications.3 
 Although, pyrene undergoes selective and quantitative bromination at the 
1,3,6,8-positions to produce the  corresponding tetrabromopyrene,
4
 attempted 
electrophilic substitutions to functionalize the pyrene core at the 1,3,6,8-positions 
with isopropyl groups and thereby sterically congesting the flat fluorophore,
5
 led to 
complex mixtures of polyalkylated pyrenes from which the separation of the desired 
isomer was rather tedious.
6
   
  Our continuing interest in the design and syntheses of stable organic cation 
radicals or hole carriers, which are of fundamental importance to organic materials 
science,
7
 led us to obtain an efficient and scalable route for the preparation of 1,3,6,8-
tetraisopropylpyrene (3) and demonstrate the efficacy of sterically hindered 
tetraisopropylpyrene for the isolation and X-ray crystallographic characterization of 
its monomeric cation-radical salt. The details of these findings are described herein. 
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RESULTS and DISCUSSION 
  
 After several failed attempts, in our hands, to synthesize 3 by Friedel-Crafts 
alkylation,
5,6
 we resorted to a different approach as summarized in Scheme 1.  Thus, a 
4-fold Suzuki coupling between the readily-available 1,3,6,8-tetrabromopyrene,
4
 and 
isopropenylboronic acid,
8
 afforded cleanly the 1,3,6,8-tetraisopropenylpyrene (2) in 
>92% isolated yield. A catalytic hydrogenation of 2 over 10 % Pd-C in a mixture of 
ethyl acetate-ethanol furnished 3 in quantitative yield. It was noted that under these 
hydrogenation conditions, the reduction of the pyrene core was not observed. 
BrBr
BrBr
B(OH)2
1
2
3
Br2/PhNO2
reflux
Pd(PPh3)4
Dioxane
 K2CO3
Pd-C/H2
EtOAc-EtOH
Scheme 1.  Synthesis of 1,3,6,8-tetraisopropylpyrene (3).
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  The absorption spectrum of 3 in dichloromethane was characteristically similar 
to that of the parent pyrene with a modest bathochromic shift (~30 nm) owing to the 
alkyl substitutions. Furthermore, unlike the parent pyrene
9
 which showed a broad 
featureless excimer emission centered at ~472 nm in the concentration range studied 
(0.05-0.1 M), the tetraisopropylpyrene 3 showed only the monomeric emission (Fig. 
1). As such the observation of monomeric emission for 3 suggests that the bulky 
isopropyl groups exert sufficient steric inhibition to prevent a face to face approach of 
~3.5 Å necessary for an efficient -stacking10 and consequent excimer formation 
(Figure 1, right).  
 
Figure 1. Left: Selected excitation (black lines) and emission (red lines) 
of 3 as dichloromethane solution ranging from a concentration of 1.66 x 
10
-6
 M to 1.0 x 10
-5
 M. Right: Calculated structures of dimeric pyrene and 
3 using DFT at B3LYP-631G
*
 level. 
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  Next with sufficient quantities of the tetraisopropylpyrene at our disposal, it 
was subjected to electrochemical oxidation at a platinum electrode as a 2 x 10
-3
 M 
solution in dichloromethane containing 0.2 M n-Bu4NPF6 as the supporting 
electrolyte. The cyclic voltammograms (Fig. 2, left) consistently met the reversibility 
criteria at various scan rates of 100-500 mV/s, as they all showed cathodic/anodic 
peak current ratios of ia/ic = 1.0 (theoretical) as well as the differences between anodic 
and cathodic peak potentials of Epa-Epc = 70 mV at 22 °C. The reversible oxidation 
potential of 3 (Eox = 0.98 V vs. SCE) was calibrated with added ferrocene as an 
internal standard (Eox = 0.45 V vs SCE). It is important to note that under similar 
conditions as above, the parent pyrene undergoes an irreversible electrochemical 
oxidation at Eox = 1.36 V vs SCE. 
 
Figure 2. Left: Cyclic voltammograms of 2 x 10
-3
 M 3 in CH2Cl2 
containing 0.1 M n-Bu4NPF6 at scan rates between 100 and 500 mV s
-1
. 
Right: Spectral changes upon the reduction of 1.33 x 10
-5
 M MA
•+
 by 
incremental addition of 3 in dichloromethane at 22 °C. Inset: A plot of 
increase of absorbance of 3
•+
 (monitored at 494 nm) against the equivalent 
of added 3. 
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  The electrochemical reversibility and relatively low oxidation potential of 3, 
prompted us to generate its cation radical by chemical oxidation using a stable 
aromatic cation radical salt (MA
•+ 
SbCl6
_
; Ered = 1.11 V vs. SCE) as a one-electron 
oxidant.
11
 Thus Fig. 2 (right) shows the spectral changes attendant upon an 
incremental addition of  sub-stoichiometric amounts of tetraisopropylpyrene to a 1.3 x 
10
-5
 M MA
•+
 [max (log ) = 518 nm (3.86)] in dichloromethane at 22
o
C. Furthermore 
a plot of formation of tetraisopropyl pyrene cation radical (i.e. increase in the 
absorbance at 494 nm) against the increments of added neutral 3 (see inset of Fig. 2, 
right), established that MA
•+
 was completely consumed after the addition of 1 equiv. 
of 3; and the resulting highly structured absorption spectrum of 3
•+ 
[max = 330, 345, 
362, 494 (log  = 4.83), 451 (sh), 590, and 695 nm] remained unchanged upon further 
addition of neutral 3 (i.e. eq. 1). 
O
O
3
MA + SbCl6
-
3 + SbCl6
- MA (Eq. 1)
 
  The green-colored solution of the 3
•+ 
SbCl6
_
 is highly persistent and did not 
show any decomposition at room temperature during the course of 12 hours. 
Moreover, a reduction of dichloromethane solution of 3
•+
 with zinc dust regenerated 
neutral 3 quantitatively, which further lends support to the high stability of the 3
•+
. As 
in the neutral tetraisopropylpyrene which showed no signs of aggregation (i.e. Fig. 1), 
the formation of the dimeric cation radical resulting from the cofacial stacking of 3
•+ 
with neutral 3, was not observed as judged by the singular absence of the charge-
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resonance transition in the NIR region in the presence of a large excess of 3. Note that 
the parent pyrene cation radical readily forms a dimeric cation radical with 
characteristic absorption bands at 395 and 520 nm together with a broad charge-
resonance transition centered at ~1600 nm.
12 
The high stability of the tetraisopropylpyrene cation radical in solution prompted 
us to isolate its crystalline salt by chemical oxidation using nitrosonium 
hexachloroantimonate as a 1-e

 oxidant according to the stoichiometry in eq. 2. 
3 + NO+SbCl6
-
DCM
0 oC
3 + SbCl6
- + NO (Eq. 2)
 
  Thus, a solution of 3 in anhydrous dichloromethane was added to crystalline 
NO
+
 SbCl6
_
 under an argon atmosphere at ~0 
o
C. The gaseous nitric oxide produced 
was entrained by bubbling argon through the solution to yield a green-colored 
solution, which upon spectrophotometric analysis indicated the formation of 3
•+ 
SbCl6
_
 (see Fig. 2). An excellent crop of dark-colored crystals, suitable for X-ray 
crystallographic studies, were obtained by a slow diffusion of toluene into the above 
solution of 3
•+
 during a period of 2 days at -20 °C. 
  The crystal structure of 3
•+
 SbCl6
_
 revealed that cationic tetraisopropylpyrene 
moieties pack in a herringbone arrangement (see Fig. 3, left) with a pair of embedded 
toluene molecules. One of the two crystallographically independent toluene molecule 
forms individual 1:1 complex with 3
•+ 
while the other toluene molecule and the 
counteranion (SbCl6
-
) fills the space between the herringbone stacks of  3
•+
 (see Fig. 
3, left).
‡
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Figure 3. The ORTEP diagram of 3
•+
 SbCl6
- cation radical salt (right), 
with the packing diagram (left) showing that the toluene molecules are 
embedded between the herringbone stacks of 3
•+
. (The thermal elipsoids 
are drawn with 55% probability.) 
 
A closer look at the bond length changes in the cation radical 3
•+
, together with a 
comparison with its neutral form, the structure of which was established by X-ray 
crystallography, points to the following important observations:  
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Figure 4. Left: Numbering scheme for the pyrene skeleton. Right: 
Showing the localization of the HOMO of 3, obtained by DFT calculations 
at B3LYP-631G** level, on bonds labelled B and D. 
 
(i) One electron oxidation causes no perceptible change in the bonds marked A (dA 
139 pm) and E (dB 142 pm). (ii) The increased aromatization of the two internal rings 
of the pyrene molecule on oxidation occurs by a simultaneous lengthening of the short 
external bonds B and D by 2.4 and 2.8 pm, respectively, and shortening of the 
adjacent long bonds C by 2.2 pm. Interestingly, the bonds which undergo most 
dramatic lengthening in 3
•+
 (i.e. bonds B and D) are the bonds on which the HOMO 
resides, i.e. Fig. 4 (right). (iii) The central bond F, undergoes a shortening of 1.8 pm 
in order to accommodate the changes in the bond lengths of various annulenic bonds 
(i.e. B, C, and D). 
  The experimental observations of the bond length changes upon 1-electron 
oxidation of 3 were found to be in reasonable agreement with the calculated values 
using DFT calculations at B3LYP-631G
**
 level (see Table 1).
13
  
 
 
A
BC
D
EF
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Table 1. Experimental and theoretical bond lengths of the neutral and 
cation radical of 3 presented in picometers.  
 
 
 
 In summary, a simple and practical synthesis of 1,3,6,8-tetraisopropylpyrene (3) 
has been accomplished from readily available precursors. The emission and absorption 
spectroscopy of the neutral and cationic 3 clearly show that the -stacking is inhibited 
owing to the presence of bulky isopropyl groups. The isolation and X-ray crystal 
structure determination of 3
•+
 SbCl6
_
 as well as DFT calculations provides unequivocal 
evidence that introduction of a cationic charge (or polaron) in 3 largely affects the bonds 
on which the HOMO resides. Studies are underway for a more comprehensive 
investigation of the steric modulation of the -stacking in various polycyclic aromatic 
hydrocarbons. 
 
 
 
Bond Type B3LYP/6-31G** X-Ray Data
3 3•+ Δ 3 3•+ Δ 
A 139.6 139.5 -0.1 138.9 (3) 138.6 (2) -0.3
B 141.7 144.0 +2.3 141.1 (3) 143.5 (3) +2.4
C 143.5 142.4 -1.1 143.4 (3) 141.2 (3) -2.2
D 135.9 138.0 +2.1 134.7 (3) 137.5 (3) +2.8
E 143.4 143.0 -0.4 142.7 (3) 142.4 (3) -0.3
F 144.0 143.1 -0.9 144.5 (3) 142.7 (4) -1.8
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Experimental 
 
General Experimental Methods and Materials: 
 All reactions were performed under argon atmosphere unless otherwise noted. All 
commercial reagents were used without further purification unless otherwise noted. All 
reported compounds were synthesized by Dr. Moloy Banerjee. Dichloromethane was 
repeatedly stirred with fresh aliquots of conc. sulfuric acid (~10 % by volume) until the 
acid layer remained colorless. After separation it was washed successively with water, 
aqueous sodium bicarbonate, water, and aqueous sodium chloride and dried over 
anhydrous calcium chloride. The dichloromethane was distilled twice from P2O5 under an 
argon atmosphere and stored in a Schlenk flask equipped with a Teflon valve fitted with 
Viton O-rings. The hexanes and toluene were distilled from P2O5 under an argon 
atmosphere and then refluxed over calcium hydride (~12 h). After distillation from CaH2, 
the solvents were stored in Schlenk flasks under an argon atmosphere. Tetrahydrofuran 
(THF) was dried initially by distilling over lithium aluminum hydride under an argon 
atmosphere. The THF was further refluxed over metallic sodium in the presence of 
benzophenone until a persistent blue color was obtained and then it was distilled under an 
argon atmosphere and stored in a Schlenk flask equipped with a Teflon valve fitted with 
Viton O-rings. NMR spectra were recorded on 300 and 400 MHz NMR spectrometers.  
 
Cyclic Voltammetry (CV) : 
 The CV cell was of an air-tight design with high vacuum Teflon valves and Viton 
O-ring seals to allow an inert atmosphere to be maintained without contamination by 
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grease. The working electrode consisted of an adjustable platinum disk embedded in a 
glass seal to allow periodic polishing (with a fine emery cloth) without changing the 
surface area (~1 mm2) significantly. The reference SCE electrode (saturated calomel 
electrode) and its salt bridge were separated from the catholyte by a sintered glass frit. 
The counter electrode consisted of a platinum gauze that was separated from the working 
electrode by ~3 mm. The CV measurements were carried out in a solution of 0.1 to 0.2 M 
supporting electrolyte (tetra-n-butylammonium hexafluorophosphate, TBAH) and 2-5 x 
10
-3
 M substrate in dry dichloromethane under an argon atmosphere. All the cyclic 
voltammograms were recorded at a sweep rate of 200 mV sec
-1
, unless otherwise 
specified and were IR compensated. The oxidation potentials (E1/2) were referenced to 
SCE, which was calibrated with added (equimolar) ferrocene (E1/2 = 0.450 V vs. SCE). 
The E1/2 values were calculated by taking the average of anodic and cathodic peak 
potentials in the reversible cyclic voltammograms. 
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Figure. S1: Cyclic and square-wave voltammogram of 2 × 10-3 M 3 in CH2Cl2 (0.1 M n-
Bu4NPF6) at a scan rate of 200 mVs
-1
.  
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1,3,6,8-Tetrabromopyrene (1). 1,3,6,8-Tetrabromopyrene was synthesized in 95 % 
yield by a reaction of pyrene with bromine in nitrobenzene according to a literature 
procedure (G. Venkataramana, S. Sankararaman, Eur. J. Org. Chem., 2005, 4162). 
Isopropenyl boronic acid. Trimethyl borate (40.88 mL, 360 mmol) was dissolved in 50 
mL dry THF and cooled to -78 
o
C and a 0.5 M solution of isopropenylmagnesium 
bromide in THF (300 mL, 150 mmol) was added to it dropwise. The resulting white 
slurry was allowed to stir and warm to room temperature overnight. The reaction was 
then quenched with addition of 50 mL of water and most of the THF was evacuated by 
rotary evaporation. The remaining slurry was cooled to 0 
o
C and 150 mL of 2N HCl was 
added and stirred for 30 min under argon. It was then extracted with diethyl ether and the 
organic layer was dried with MgSO4 to remove traces of water and concentrated to give 
the boronic acid (11.34 g, 88 % yield) as white powder. It was stored under argon with 
complete exclusion of moisture. M.p. 77-79 
o
C (dec); 
1
H NMR (DMSO-d6, 300 MHz): δ 
1.70 (t, J = 1.35 Hz, 3H), 5.42-5.44 (m, 1H), 5.56-5.58 (m, 1H); 
13
C NMR (DMSO-d6, 75 
MHz) δ 22.5, 127.6, 142.2. 
 
1,3,6,8-Tetraisopropenylpyrene (2). Tetrabromopyrene (2.07 g, 4 mmol), 
isopropenylboronic acid (2.38 g, 28 mmol), potassium carbonate (4.42 g, 32 mmol) and 
Pd(PPh3)4 (250 mg) was added to 50 mL of dioxane which was repeatedly degassed by 
evacuation and purging with argon gas. The mixture was refluxed in an argon atmosphere 
under the complete exclusion of light for 4 days after which it was quenched with the 
addition of water. The organic layer was extracted with dichloromethane, washed 
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consecutively with water and brine before being dried over MgSO4 and concentrated. The 
crude product was then chromatographed over silica gel pretreated with 2 % 
triethylamine, using hexanes as eluent to afford 1.33 g of alkenylpyrene in 92 % yield. 
M.p. 268-270 
o
C ; 
1
H NMR (CDCl3, 400 MHz): δ 2.38 (t, J = 1.06 Hz, 12H), 5.22-5.23 
(m, 1H), 5.58-5.59 (m, 1H), 7.75 (s, 2H), 8.30 (s, 4H); 
13
C NMR (CDCl3, 100 MHz) δ 
25.9, 117.1, 124.8, 125.1, 126.1, 127.2, 139.3, 145.3. 
 
1,3,6,8-Tetraisopropylpyrene (3). Tetraisopropenylpyrene (520 mg, 1.44 mmol) was 
suspended in 100 mL of a 4:1 mixture of ethyl acetate and ethanol and mixed with 400 
mg of 10% Pd on charcoal. The resulting suspension was subjected to a pressure of 2-3 
psi hydrogen gas for 3 h in a high pressure bottle after which an aliquot showed complete 
alkene reduction as adjudged by 
1
H NMR. The mixture was then passed through a pad of 
silica gel and the pad was further washed with dichloromethane (3 x 25 mL). The solvent 
was evaporated and the resulting solid was further purified by column chromatography 
using silica gel and hexanes as eluent to afford 523 mg of tetraisopropylpyrene in 98 % 
yield. M.p. 278-280 
o
C; 
1
H NMR (CDCl3, 400 MHz): δ 1.64 (d, J = 6.88 Hz, 24H), 4.15-
4.22 (m, 4H), 8.07 (s, 2H), 8.43 (s, 4H); 
13
C NMR (CDCl3, 100 MHz) δ 24.3, 29.4, 119.2, 
121.9, 126.4, 126.7, 141.9. 
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1
H and 
13
C spectra of the various synthesized compounds 
Isopropenyl boronic acid: 
 
 
 
 
 
 
 
 
B(OH)2
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1,3,6,8-Tetraisopropenylpyrene (2): 
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1,3,6,8-Tetraisopropylpyrene (3): 
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Preparation of 3
+•
 SbCl6
-
 single crystals using NO
+
SbCl6
-
. A 50-mL flask fitted with a 
Schlenk adaptor was charged with nitrosonium hexachloroantimonate (44 mg, 0.12 
mmol), and a cold solution of 1,3,6,8-tetraisopropylpyrene 3 (45 mg, 0.12 mmol) in 
anhydrous dichloromethane (20 mL) was added under an argon atmosphere at -10 
o
C. 
The solution immediately took on a green coloration and the solution was stirred (while 
slowly bubbling argon through the solution to entrain gaseous NO) for 30 min to yield a 
greenish-blue solution of cation radical [3
+•
 SbCl6
-
]. The solution was carefully layered 
with dry toluene (30 mL) and placed in a refrigerator (-20 
o
C) which after 2 days, 
produced greenish-blue needle shaped crystals of the cation radical suitable for X-ray 
structure analysis. 
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Table S1: Crystal data and structure refinement for 1,3,6,8-Tetraisopropylpyrene (3). 
 
Identification code  raj0k4 
Empirical formula  C28 H34 
Formula weight  370.55 
Temperature  200(2) K 
Wavelength  1.54178 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions a = 11.3272(7) Å = 94.595(4)°. 
 b = 12.6764(7) Å = 92.311(4)°. 
 c = 16.9660(12) Å  = 115.064(3)°. 
Volume 2192.2(2) Å3 
Z 4 
Density (calculated) 1.123 Mg/m3 
Absorption coefficient 0.463 mm-1 
F(000) 808 
Crystal size 0.20 x 0.18 x 0.06 mm3 
Theta range for data collection 2.62 to 67.24°. 
Index ranges -13<=h<=13, -15<=k<=15, 0<=l<=19 
Reflections collected 25845 
Independent reflections 7547 [R(int) = 0.0397] 
Completeness to theta = 67.24° 96.1 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9727 and 0.9130 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7547 / 0 / 506 
Goodness-of-fit on F2 1.064 
Final R indices [I>2sigma(I)] R1 = 0.0644, wR2 = 0.1740 
R indices (all data) R1 = 0.0981, wR2 = 0.1900 
Extinction coefficient 0.0007(2) 
Largest diff. peak and hole 0.243 and -0.188 e.Å-3 
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Table S2: Crystal data and structure refinement for the 1,3,6,8-Tetraisopropylpyrene 
Cation Radical. 
 
Identification code  raj9wa 
Empirical formula  C42 H50 Cl6 Sb 
Formula weight  889.27 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Orthorhombic 
Space group  P nma 
Unit cell dimensions a = 13.8054(3) Å = 90°. 
 b = 12.5572(3) Å = 90°. 
 c = 23.6942(6) Å  = 90°. 
Volume 4107.56(17) Å3 
Z 4 
Density (calculated) 1.438 Mg/m3 
Absorption coefficient 9.129 mm-1 
F(000) 1820 
Crystal size 0.51 x 0.23 x 0.14 mm3 
Theta range for data collection 3.71 to 67.39°. 
Index ranges 0<=h<=16, 0<=k<=15, 0<=l<=28 
Reflections collected 34504 
Independent reflections 3746 [R(int) = 0.0324] 
Completeness to theta = 67.39° 96.7 %  
Absorption correction Numerical 
Max. and min. transmission 0.3613 and 0.0897 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3746 / 50 / 255 
Goodness-of-fit on F2 1.013 
Final R indices [I>2sigma(I)] R1 = 0.0268, wR2 = 0.0659 
R indices (all data) R1 = 0.0272, wR2 = 0.0662 
Extinction coefficient 0.00017(2) 
Largest diff. peak and hole 1.105 and -1.104 e.Å-3 
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Notes  
‡ Note that a cofacial arrangement between the toluene and 3•+ at an inter-planar 
separation of 3.5 Å may stablize the cationic tetraisopropylpyrene via an electron-
donor acceptor interaction. Also note that both the toluene molecules are rotationally 
disordered (within their respective molecular planes) with the occupations of the 
minor components being 23 and 37%. 
 
 
 
CHAPTER 2B 
 
Steric modulation of -stacking in alkyl substituted pyrenes 
 
 
 
Abstract: As a model for varied extent of overlap of electro-active materials in charge 
transport layer of photovoltaic devices, a series of alkyl pyrenes has been prepared where 
the pyrene chromophore has been sterically congested in a progressive manner. The 
intermolecular electronic communication between two pyrene chromophores has been 
studied both in qualitative and quantitative terms by emission spectroscopy (formation of 
excimer), absorption spectroscopy of cation radicals (dimer formation) and by X-ray 
crystallography of cation radicals. It has been demonstrated that the electronic 
communication between two chromophores is possible if the sterics allow them to come 
at van der Waals distances. Spectroscopic evidences and examination of X-ray crystal 
structure of cation radicals establish that when pyrene core is congested by four isopropyl 
groups at 1,3,6,8-positions, there is complete inhibition of -stacking and hence no 
electronic communication is observed. In all other cases where sterics allow the close 
contact, the electronic communication is clearly evident. 
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INTRODUCTION 
 
Over the past decades, a variety of conjugated organic materials have been 
explored as potential charge transport materials in conducting layers of photovoltaic 
devices due to their low cost, easy processability and easy tailoring of their properties by 
modulation of functional groups.
1
 One of the crucial factors governing the performance 
of these devices is the efficiency with which the charge carriers (electrons and/or holes) 
move within these conjugated materials. Therefore, it is important to develop an 
understanding of the nature of charge transport along the molecule (intra-chain) as well 
as between the molecules (through-space or inter chain) when they are packed together in 
different orientations with varied extent of overlapping. 
 As a model of intermolecular charge transfer (CT) – we studied the CT 
phenomena in cofacially stacked polyfluorenes where geometry is well established in 
solution as well as in solid state.
2
 However, in bulk materials, the molecules are packed in 
random orientations and at varied distances and extent of overlap. Thus, it is not easy to 
probe the dependence of CT phenomena on the relative position and overlapping of the 
interacting molecules. Our continuing interest in understanding the charge transport 
phenomena
3
 led us to conjecture that by progressively introducing the sterics around a 
chromophore, such that the resulting compounds can allow ‘complete’ to ‘partial’ to ‘no 
overlapping’ of the chromophore, we can at least in part, model the packing in bulk 
materials. In order to study the stabilization of single charge across adjacent layers of the 
chromophore we decided to use dimer cation radical wherein a single unpaired electron is 
considered to be equally distributed between the two molecules, as a model. Such self-
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assembled cation-radical dimers are of fundamental importance to organic materials 
science since they constitute the smallest intermolecular units carrying a delocalized 
positive charge that can easily be characterized spectroscopically.
4 
 
 Our quest of finding a suitable chromophore for the above purpose culminated in 
pyrene for the following reasons: 
(i) Pyrene is a planar aromatic chromophore that is very well known to form 
stacks not only in neutral form but also in excited state that can readily be 
studied using fluorescence spectroscopy.  
(ii)  Pyrene – upon oxidation forms cation radical that is known to display 
spectroscopic signature in the near-IR region, ascribed to charge-
resonance transitions within the dimeric cation-radicals.  
(iii) The nucleophilic 1,3,6,8-positions of pyrene can be exploited for 
alkylation and thus modulating the sterics around the pyrene core. 
  Having chosen the chromophore, next we decided to modulate the sterics around 
the pyrene core. To begin with, we conjectured building sterically unhindered 1,3,6,8-
tetramethylpyrene (4m) – a molecule with negligible sterics that can mimic the flatness 
of the parent pyrene core. In addition, blocking the 1,3,6,8-positions is also expected to 
bring stability to the resulting 4m cation radical. At the other extreme, we decided to use 
the sterically hindered 1,3,6,8-tetraisopropylpyrene (4ip) – where steric bulk imposed by 
four isopropyl groups is known to restrict close packing.
5
 Preliminary calculations by 
SPARTAN using AM1 minimization showed that while two 4m molecules are  able to 
achieve close van der Waals distances (figure 1), such a close association is not possible 
in 4ip. Indeed, the crystal packing of 4ip substantiated the fact.
 5
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Figure 1. Semi Empirical (AM1) minimized structure of 4m and 4ip using 
SPARTAN. 
 
 As models with varied steric bulk around the chromophore, we decided to 
progressively replace each of the methyl groups in 4m by sterically demanding isopropyl 
groups, thus conjecturing 1,3,6-trimethyl-8-isopropylpyrene (3m1ip), 1,8-dimethyl-3,6-
diisopropylpyrene (cis-2m2ip), 1,6-dimethyl-3,8-diisopropylpyrene (trans-2m2ip) and 
1,3,6-trimethyl-8-isopropylpyrene (1m3ip). The resulting structures with a combination 
of methyl and isopropyl groups are expected to allow partial overlap of the pyrene 
chromophore as seen in figure 2.  
~3.4 Å
~4.2 Å
4m 4ip
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Figure 2. Possible overlaps for tetraalkyl pyrenes with varied combination 
of methyl and isopropyl groups.  
 
 While the four isopropyl groups in 4ip are completely capable to preventing close 
association, we conjectured that the replacement of isopropyl by flexible ethyl groups as 
in 1,3,6,8-tetraethylpyrene (4e) may allow close packing by the rotation of the four ethyl 
groups. In addition, we also decided to study 2,7-di-tert-butylpyrene (2tb) where the 
pyrene chromophore with sterically demanding t-butyl groups can still form -stacks by 
sideways overlap (figure 3).  
 Thus, we decided to study a series of alkyl pyrenes (chart 1) with varied steric 
bulk around the chromophore and evaluate the effect of sterics on their close association 
as reflected in the excimeric emission and the absorption spectroscopy of dimer cation 
radicals. We also evaluated the entropic contribution (TΔS) to the overall thermodynamic 
stabilization (ΔG) of the hole in a dimer cation radical, as the steric bulk around the 
chromophore increases. Details of the findings are presented herein. 
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Figure 3. Possible overlaps for alkyl pyrenes 4e and 2tb. 
 
 
Chart 1. Structure of the pyrenes studied.  
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RESULTS and DISCUSSION 
  
 Theroetical calculations showing Highest Occupied Molecular Orbital 
(HOMO) of neutral Pyrene
6
  indicate that 1,3,6,8 positions are nucleophilic. However, 
our attempts to synthesize 4ip by Friedel-Crafts alkylation lead to an inseparable 
mixture of products. The ease of bromination of pyrene at these positions to form 
mono, di, tri or tetra brominated Pyrenes
7
 then motivated us to follow an alternate 
approach as summarized in Scheme 1.  Thus, a 4-fold Suzuki coupling between the 
readily-available 1,3,6,8-tetrabromopyrene,
8
 and isopropenylboronic acid,
9
 afforded 
cleanly the 1,3,6,8-tetraisopropenylpyrene (2) in >92% isolated yield. A catalytic 
hydrogenation of 2 over 10 % Pd-C in a mixture of ethyl acetate-ethanol furnished 
4ip in quantitative yield.
5
 Similarly, a four fold Suzuki coupling of 1,3,6,8-
tetrabromopyrene,
 
and trimethylsilylethyne followed by desilylation and catalytic 
hydrogenation of the resulting 1,3,6,8-tetraethynylpyrene (4) over 10 % Pd-C in a 
mixture of ethyl acetate-ethanol furnished 4e in good yield. 2,7-di-tert-butylpyrene 
(2tb) was prepared in one step from t-butyl chloride and FeCl3 using standard Friedel 
Craft procedure (Scheme 1).  
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Scheme 1. Synthesis of 2tb, 4ip and 4e 
 
 
 Our initial attempt to prepare 4m utilized a procedure involving synthesis of the 
pyrene core (Scheme 2a). Thus, m-xylene (5) was treated with a mixture of 
paraformaldehyde, glacial acetic acid and concentrated HCl to get 1,3-bis(chloromethyl)-
4,6-dimethylbenzene (6).
10
 The resulting 6 was then converted to 1,5-
bis(mercaptomethyl)-2,4-dimethylbenze (7).
11
  Coupling of 7 and 6 was done in benzene 
to get syn-5,7,14,16-tetramethyl-2,11-dithia[3.3]metacyclophane (8). Using a literature 
reported method for a similar compound,
 12
 8 was treated with n-BuLi followed by 
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iodomethane to get 4,6,12,14-Tetramethyl-bis(methylthio)[2.2]metacyclophane (9). 
Reduction of 9 using Raney Ni afforded 4,6,12,14-tetramethyl[2.2]metacyclophane (10). 
Attempt to cyclize 10 with FeCl3 gave a mixture of 1,3,6,8-tetramethyl-4,5,9,10-
tetrahydropyrene, 1,3,6,8-tetramethyl-9,10-dihydropyrene and 1,3,6,8-tetramethylpyrene. 
This mixture was then refluxed with DDQ in benzene to afford 1,3,6,8-
tetramethylpyrene. However, the resulting less than 1% overall yield and only a few 
milligrams of 4m in our hands, forced us to explore for alternative procedure.  
Scheme 2a. Synthesis of 4m from 1,3-dimethylbenzene 
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 After a thorough literature search, we decided to employ the methylation 
procedure reported by Cooper and coworkers for bromoaryls.
13
 Thus, utilizing XPhos, 
DABAL-Me3 and Pd(0), a four-fold methylation of 1,3,6,8-tetrabromopyrene afforded 
4m in quantitative yield (Scheme 2b). 
Scheme 2b. One step synthesis of 4m from 1,3,6,8-tetrabromopyrene. 
 
 
 Our success in devising a synthetic procedure for quantitative preparation of 4m 
and 4ip allowed us to synthesize other tetraalkyl pyrenes with intermediate steric bulk. 
As shown in scheme 3, pyrene was dibrominated to give a mixture of 1,6 and 1,8 
dibromopyrene
14
 (13 and 14) which was then separated by fractional crystallization.
15 
The 
two isomers were then methylated using one step methylation procedure discussed above 
for the preparation of 4m. The resulting dimethyl pyrenes 15 and 16, were then 
brominated using the procedure employed above for dibromination of pyrenes to give 
dimethyldibromo pyrenes 17 and 18, respectively. These, upon subjection to Suzuki 
coupling with isopropenylboronic acid, followed by reduction of the resulting alkenes 
with Pd-C, yeilded cis-2m2ip and trans-2m2ip. Using 1,3,6-tribromopyrene (19),  3m1ip 
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was prepared following the methylation procedure discussed above. The resulting 
trimethyl pyrene (20) was brominated using N-bromosuccinimide in acetonitrile to 
trimethylbromo pyrene (22) which in turn was subjected to Suzuki coupling with 
isopropenylboronic acid followed by reduction to get 3m1ip. For the synthesis of 1m3ip, 
a reverse sequence of steps i.e. introduction of isopropyl group followed by bromination 
and subsequent methylation was used. It should however, be noted that the sequence of 
the introduction of methyl and isopropyl groups does not matter. Excluding the tetra, tri 
and dibromopyrenes, all intermediates as well as the final compounds were soluble in 
common organic solvents and were recrystallized multiple times with dichloromethane-
methanol to get pure products.  All intermediates and final compounds were thoroughly 
characterized by 
1
H and 
13
C NMR and their structure of final compounds were further 
confirmed by X-ray crystallography. 
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Scheme 3. Synthesis of trans-2m2ip, cis-2m2ip, 3m1ip and 1m3ip from 
pyrene. 
 
 
Crystal structure of neutral compounds 
 In the crystalline form, pyrene forms stacks in which pair of pyrenes arrange in 
face-to-face manner separated at an interplanar distance of 3.5 Å (CCDC structure 
PYRENE 03). Each pyrene in the pair also displays an edge-to-face stacking with respect 
to the other pair (figure 4).
16
 As conjectured, the crystal structure of 4m shows similar 
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stacking pattern as the parent pyrene. Within a pair, the overlapping 4m molecules are 
separated by a distance of 3.5 Å. The molecules in neighboring stacks form edge-to-face 
pattern. Thus, except for a lesser degree of overlap between the two pairing 4m units in 
comparison to pyrene, the effect of methyl substitution of pyrene in 4m is not much 
pronounced as far as close packing in the crystal structure is concerned. The crystal 
structure of 2tb contains similar shifted stacks of parallel molecules however, with a 
much lesser overlap between the pyrene units.  
 
Figure 4. Crystal structures of Pyrene, 4m and 2tb showing solid state 
packing.  
 
 On the other hand, in the crystal structure of cis-2m2ip and trans-2m2ip the 
molecules are packed in an edge-to-face fashion (figure 5). Similarly, the crystal structure 
of 4ip shows individual units arranged parallel to each other like a ladder with the closest 
distance of 5.45 Å. The 4ip units are arranged in edge-to-face pattern with neighboring 
Py 4m 2tb
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4ip molecules. Bearing close resemblance is the crystal structure of 4e where the 
individual units are again packed in edge-to-face fashion. 
 
 
Figure 5. Crystal structure of neutral pyrenes cis-2m2ip, trans-2m2ip, 
4ip and 4e showing face-to-edge packing.  
 
 Thus, steric factors play a substantial role in determining the stacking behavior in 
substituted pyrenes. It is only in case of parent pyrene, the unhindered 4m and the 
terminally substituted 2tb that - interaction plays an important role in bringing the two 
units together to form dimeric stacks. In all other cases, the pyrene units are stabilized by 
the C—H –  interaction with the neighboring pyrene unit. 
Electrochemistry 
 Upon subjection of alkyl pyrenes to electrochemical oxidation at a platinum 
electrode as 2  10-3 M solutions in dichloromethane containing 0.2 M n-Bu4NPF6 as the 
supporting electrolyte, the cyclic voltammograms (figure 6, also see figure S1 in the 
experimental section) consistently met the reversibility criteria at various scan rates of 
4ipc-2m2ip 4et-2m2ip
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100-500 mV/s. They all showed cathodic/anodic peak current ratios of ia/ic = 1.0 
(theoretical). The reversible oxidation potential corresponding to the removal of one 
electron and thereby formation of a monocation radical was calibrated with ferrocene as 
internal standard (Eox = 0.45 V vs. SCE)
17
 and was found to vary between 0.98-1.00 V 
for tetraalkyl pyrenes, while 4tb showed a reversible oxidation potential of 1.29 V versus 
SCE (table 3).  It should be noted that under similar conditions, the parent pyrene 
undergoes an irreversible electrochemical oxidation at Eox = 1.36 V vs. SCE. 
 
Figure 6. Cyclic voltammograms of 2 x 10
-3
 M of 4m (top) and 2tb 
(bottom) in CH2Cl2 containing 0.2 M n-BuNPF6 at scan rates between 100 
and 500 mV.s
-1
 (with 100 mV increments) at 22 C. 
 
 Thus, the electron-donating influence of the alkyl groups at 1,3,6,8-positions not 
only stabilizes the pyrene core towards electrochemical oxidation by making it reversible, 
it also lowers the oxidation potential by 360 – 380 mV. Consistent with the distribution of 
HOMO at 1,3,6,8-positions,
5
 the effect of alkyl substitution is minimal at 2,7 positions 
where stabilization of 70 mV in comparison to parent pyrene was observed. However, the 
steric bulk provided by the t-butyl groups in these positions was found to be adequate to 
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prevent the 2tb cation radical from reacting with a neutral counterpart and thus allows the 
oxidation process to be reversible.  
 The availability of a series of alkyl pyrenes with similar oxidation potentials, thus 
allowed us to probe the influence of sterics in the stabilization of single charge across two 
layers. On the other hand the reversible oxidation potential of 2tb, with Eox value closer 
to parent pyrene allowed us to probe the role of Eox on the spectroscopic signature of 
dimer cation radical.  
UV-vis absorption spectroscopy 
 The absorption spectra of 2b recorded in dichloromethane shows structured 
absorption features at max (log ) = 241, 250, 267, 279, 311, 324, 340 (4.43) nm (figure 
7) characteristically similar to that of parent pyrene with a modest bathochromic shift of 
about 3 nm in the lowest energy absorption band. On the other hand, the tetraalkyl 
pyrenes show almost identical absorption spectra with bands at max (log ) = 239, 248, 
263, 274, 285 (4.73), 316 (sh), 331, 347, 363 and 367 (4.52) nm (figure 7, also see figure 
S2 in the experimental section). Also, in accordance with the electron donating nature of 
the alkyl groups substituted at the positions where the HOMO lies, the absorption bands 
in tetraalkyl pyrenes show a bathochromic shift with the lowest energy band shifted by 
about 30 nm in comparison to the similar band in parent pyrene.  
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Figure 7. UV-vis absorption spectra of 2.0  10 
-5 
M solution of pyrenes 
recorded
 
in CH
2
Cl
2
 at 22C. 
 
 The observations made in absorption spectroscopy are thus consistent with the 
observations made in electrochemistry where all tetraalkyl pyrenes showed similar 
oxidation potential and therefore substantiate to the fact that substitution of methyl, ethyl 
or isopropyl groups at 1,3,6,8-positions of pyrene core does not make much difference as 
far as electronic effects are concerned. Similarly, alkyl substation at 2,7-positions as in 
2tb does not have any major influence on the pyrene core as far as electronic effects are 
concerned.  
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Emission spectroscopy 
 The fluorescence spectrum of dilute alkyl pyrenes (5  10 -5 M) in CH2Cl2 at 22C 
shows a mirror image relationship between excitation and emission bands (for example 
4m; Figure 8), indicating that there is no significant change in molecular structure upon 
excitation. Also, like the parent pyrene, the shape of emission spectrum was found to be 
invariant of the wavelength of excitation. 
 
Figure 8. Normalized excitation (blue dash) and emission (red) spectra of 
5.0  10 
-5 
M solution of 4m recorded
 
in CH
2
Cl
2
 at 22C. 
 
 At low concentrations (typically 5  10-5 M or less, in dichloromethane at room 
temperature), only monomeric emission was observed for all the pyrenes studied. The 
emission spectrum of all tetraalkyl pyrenes show vibrational fine structure with two 
principal vibronic bands at ~386 nm (maximum intensity) and at 406 nm and a lower 
intensity band at 428 nm (Figure 9). The vibrational fine structure for the monomeric 
emission of 2tb resembles that of pyrene with higher energy band maxima centered ~380 
nm. Upon increasing the concentration of pyrenes, a new broad structureless emission 
band assigned to excimeric emission of pyrene, was observed at lower energy region (at 
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~480 nm) for all tetra alkyl pyrenes except 4ip. As the concentration of alkylpyrenes was 
increased, the higher energy 386 nm band starts decreasing, while the intensity of 
excimer emission continues to increase relative to monomeric emission. For comparison 
purposes in figure 9, the monomeric emission band observed at 396 nm for Py and 2tb, 
and the 406 nm emission band of tetraalkyl pyrenes have been normalized to show the 
increase in excimer concentration with increasing concentration of pyrenes.  
 
Figure 9. Emission spectra of pyrenes recorded
 
in CH
2
Cl
2
 at 22C as 
function of concentration. For Py and 2tb, the monomeric emission band 
at 392 nm and for tetraalkyl pyrenes the band at 406 nm is normalized to 
show the increase in excimer emission.  
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 An analysis of figure 9 shows that the concentration requirements to show 
comparable excimeric emission are almost the same in 4m, 3m1ip, cis-2m2ip and trans-
2m2ip which in turn is similar to parent pyrene. Thus, the alkyl groups introduced in 4m, 
3m1ip, cis-2m2ip and trans-2m2ip does not exert sufficient steric inhibition to prevent a 
face to face approach of ~3.5 Å necessary for an efficient -stacking18 and consequent 
excimer formation. The effect of steric congestion in preventing the excimer formation 
was however evident in the three isopropyl groups containing 1m3ip wherein more than 
25 times higher concentration than one or two isopropyl containing 3m1ip, cis-2m2ip or 
trans-2m2ip was required to obtain comparable excimeric emission. As observed 
earlier,
5
 the bulk imposed by four isopropyl groups in 4ip is however capable of 
preventing the cofacial approach completely. In case of 2tb, where the pyrene core is 
congested by bulky t-butyl groups and hence the chromophore is expected to form cross 
stacks, also required much larger concentrations than the parent pyrene (figure 9). 
Similarly, a five-fold higher concentration as compared to parent pyrene was required in 
case of 4e, where different rotations of aromatic carbon – aliphatic carbon bond can allow 
the pyrene chromophore to form close contacts. 
 The emission spectra of pyrenes recorded in solid state, showed only excimeric 
emission band for all pyrenes except in case of 1m3ip where a strong monomeric 
emission and a weaker excimeric emission band was observed, and 4ip where only 
monomeric emission was observed (figure 10).  
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Figure 10. Emission spectra of pyrenes recorded
 
in solid state. 
 
 
Generation and Absorption Spectroscopy of Cation Radicals  
 The electrochemical reversibility and relatively low oxidation potential of alkyl 
pyrenes allowed us to generate their cation radicals by chemical oxidation using a stable 
aromatic cation radical salts such as MA
•+
SbCl6¯ (Ered = 1.11 V vs. SCE)
19 
MB
•+
 (Ered = 
1.15 V vs. SCE)
20
 and NAP
•+
 (Ered = 1.34 V vs. SCE)
21
 as one-electron oxidants. For 
example: 
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 Thus, figure 11 shows the spectral changes attendant upon an incremental 
addition of sub-stoichiometric amounts of 4ip to a 1.33 x 10
-5
 M MA
•+
 [max (log ) = 518 
nm (3.86)] in dichloromethane at 22 C. Furthermore, a plot of formation of 4ip•+ (i.e. 
increase in the absorbance at 494 nm) against the increments of 4ip (see inset of figure 
11), shows saturation after the addition of 1 equivalent of it. The resulting absorption 
spectrum of the cation radical with a structured absorption band [max (log ) = 494 
(4.83), 451 (sh), 590, and 695 nm] showed no change upon addition of up to 5 equiv. of 
neutral 4ip.  
 
Figure 11. Spectral changes upon the reduction of 1.34 x 10
-5
 M MA
•+
 by 
incremental addition of 4ip in dichloromethane at 22 °C. Inset: A plot of 
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increase of absorbance of 4ip
•+
 (monitored at 494 nm) against the 
equivalent of added neutral.  
 
 Similar titrations performed with other tetra alkyl pyrenes, show identical features 
in the absorption spectra as observed in the UV-visible region. In case of 2tb, with 
relatively higher oxidation potential (Eox = 1.29 V vs. SCE), NAP
•+
SbCl6¯
 
was used for 
the generation of its cation radical. The cation radical of 2tb also showed bands at max 
(log ) = 452 (4.69), 419 sh, 546, 731 and 808 nm which are blue shifted in comparison 
to absorption bands observed for tetraalkyl pyrene cation radicals – an observation that 
was noted in the absorption spectra of neutral 2tb when compared to the neutral tetraalkyl 
pyrenes. 
  Interestingly, upon addition of excess of neutral compound to the cation radical 
solution of alkyl pyrenes, a gradual growth of a broad band in the near IR region was 
observed. For example, upon further addition of neutral 4m to a solution of its cation 
radical, appearance of a new band was observed in the NIR region centered ~ 1980 nm 
(figure 12). Appearance of such a band in the NIR region, upon addition of neutral 
compound to its cation radical has been ascribed to the formation of dimer cation 
radical,
12
 i.e. 
 
 
 In case of 4m, the growth of this NIR band reached saturation upon addition of 
~40 equivalents of neutral where after precipitation was observed due to the lesser 
solubility of 4m as compared to other alkyl pyrenes. In case of other alkyl pyrenes with 
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moderated steric bulk, the NIR band showed saturation by ~ 40-80 equivalents and 
discontinued to grow upon further addition. In line with the observation made in case of 
emission spectroscopy of 1m3ip where a large excess compound was required to observe 
comparable excimeric emission, the NIR band did not show saturation even upto the 
addition of 350 equivalents of the neutral. Similarly, consistent with the steric bulk 
provided by the four isopropyl groups in 4ip, there was no indication of the appearance of 
the NIR band even after addition of 100 equivalents of the neutral compound. 
Furthermore, in case of all tetraalkyl pyrenes the position of the broad NIR band was 
almost identical with the maxima centered at ~1980 nm.  However, in case of 2tb with a 
higher oxidation potential than tetraalkyl pyrenes, this NIR band was centered at ~1582 
nm. It is notable that the dimer cation radical band of the parent pyrene shows up at 1400-
1700 nm.
23
 Such dependence of the position of NIR band on oxidation potential further 
attest to the fact that the charge transfer phenomenon between an aromatic donor and its 
cation-radical may quantitatively be viewed in the same basic terms as classical charge-
transfer according to Mulliken theory
24
 as observed in the earlier studies.
22
 Thus, the 
close cofacial approach (~3.5 Å) needed between the cation-radical and its neutral 
counterpart leading to strong electronic interactions between the two units as observed in 
charge-resonance (CR) transitions in the electronic (NIR) absorption spectrum was 
achieved in the solution in all alkyl pyrenes except 4ip where sterics does not allow such 
unison. These observations are consistent with the observations made in emission 
spectroscopy of concentrated solutions of alkyl pyrenes and thus suggest that electronic 
communication between the two chromophores is possible if the sterics allow them to 
attain the minimum van der Waals contact. 
111 
 
 
 
Figure 12. Left: Spectral (NIR) changes upon the reduction of 5.0 x 10
-5
 
M MA
•+
 by incremental addition of 4m in dichloromethane at 22 °C. 
Inset: A plot of increase of absorbance of 4m
•+
 (monitored at 1980 nm) 
against the equivalent of added 4m. Right: Spectral changes observed in 
NIR region observed upon the reduction of 3.3 x 10
-5
 M NAP
•+
 by 
incremental addition of 2tb in dichloromethane at 22 °C. Inset: A plot of 
increase of absorbance of 2tb
•+
 (monitored at 1582 nm) against the 
equivalent of added 2tb.  
 
 The green colored solution of the tetraalkyl pyrene cation radical was stable and 
did not show any decomposition at room temperature during the course of 12 hours. 
Reduction of dichloromethane solution of the cation radicals with zinc dust regenerated 
neutral compounds quantitatively, which further lends support to the high stability of 
these cation radicals. The cation radical generated from 2tb also showed similar stability. 
 Next, in order to assess the role of increasing the sterics around the pyrene core in 
the inhibition of stacking of pyrene cation radicals with their neutral counterpart we 
decided to employ the Benesi-Hildebrand (spectrophotometric) procedure
25
 in which the 
absorbance changes in the NIR region were treated according to equation 3, i.e. 
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 where, ACR is the absorbance and CR is the molar extinction coefficient of the 
charge-resonance band at the monitoring wavelength. Thus, to a 2 mL dichloromethane 
solution of MA
+•
SbCl6
¯
 taken in a 1 cm
2
 quartz cuvette, was added 1 equivalent of alkyl 
pyrene to generate the cation radical of alkyl pyrene. After recording the absorption 
spectra at 20 °C in UV-vis-NIR spectrophotometer, was added another 10 equivalent of 
neutral solution of alkylpyrene in dichloromethane. The absorption spectra were then 
recorded by incremental addition of 10 equivalents of neutral solution of alkylpyrene 
each time upto 70-100 equivalents and the absorbance changes were monitored in the 
UV-vis and NIR region. The absorbance data were then evaluated with the aid of Benesi-
Hildebrand correlation in Eq. 3. For example, a plot of [4m
•+
]/A2000 vs. the reciprocal 
concentration of added neutral 4m was linear, and the least-squares fit produced a 
correlation coefficient greater than 0.998 in figure 13. From the slope (1/KdimerCR) and 
intercept (1/CR) were extracted the values of the dimerization constant and the extinction 
coefficient of the charge-resonance band are summarized in table 1. Thus, for 4m the 
value of dimerization constant Kdimer = 869 ± 34 M
-1
 and molar extinction coefficient CR 
= 9116 M
-1
.cm
-1
 were obtained which is of the same order of magnitude as that obtained 
for pyrene cation-radicals Kdimer = (5.1 ± 0.5) × 10
2
 M
-1
 by the pulse-radiolytic method.
26
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Figure 13 Left: Spectral (NIR) changes upon incremental addition of 
neutral 4m (10 – 40 equivalents) to a dichloromethane solution of 
4m
+•
SbCl6¯ cation radical salt at room temperature (18 °C). Right: 
Benesi-Hildebrand plot for the experiment. 
 
 The result of slight change in sterics caused by the replacement of 1methyl group 
in 4m by an isopropyl group in 3m1ip was well reflected by the appreciable decrease in 
binding ability of the radical cation (Kdimer = 204 ± 6 M
-1
) with the neutral to form the 
corresponding dimer radical cation. A further increase in steric inhibition — as posed by 
two isopropyl groups in trans-2m2ip, where a dimer cation radical can only be formed 
by cross overlapping of the chromophores (figure 2) resulted in decrease of Kdimer to 99 ± 
6 M
-1
. Expectedly, the other isomer cis-2m2ip that has even limited -surface available 
for the radical cation to bind with its neutral counterpart, shows a binding constant Kdimer 
= 23 ± 4 M
-1
. As discussed above, the three isopropyl groups in 1m3ip provide a very 
limited surface for the radical cation to dimerize. Thus, upon addition of very large 
concentration of neutral (100-500 equivalents) the dimeric band in the NIR region is seen 
which could not be quantified by the Benesi-Hildebrand method.  
 The steric bulk provided by the two t-butyl groups in case of 2tb, does not seem 
to have any appreciable effect on dimer radical formation when compared with 4m 
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(Kdimer = 813 ± 43 M
-1 
c.f. 4m where Kdimer = 869 ± 34 M
-1
). This is in sharp contrast to 
the observation made in case of emission spectroscopy where a much higher 
concentration of 2tb was required to obtain the excimeric band comparable to that 
observed for 4m. At this moment, we are unable to provide a definite explanation for this. 
In case of 4e, the conformational adaptability of the flexible ethyl groups results in the 
Kdimer = 150 ± 13 M
-1 
which is intermediate between the dimerization constants observed 
for 3m1ip and trans-2m2ip.  
 The determination of equilibrium constant for the dimerization (Kdimer) of cation 
radical then allowed us to calculate the free energy change for the formation of dimer 
cation radical using the equation: 
-G° = RTlnKdimer ………..Eq. 4 
 Thus, for the dimerization of 4m
+• 
with neutral 4m (K ~ 864 M
-1
, figure 13) a 
value of G° = -0.17 V was obtained, which is of the same order as that for 
octamethylbiphenylene (G° = -0.15 V for K ~ 350 M-1).22 As discussed in our recent 
article,
27
 this value is significantly lower than the expected value of ~ -0.35 V based on 
the stabilization of cyclophane-like bichromophoric cation radicals where the entropic 
component (TS°) of the overall G° value i.e.  
G° = H° - TS°…….Eq. 4 
 is expected to be negligible. Hence, in this study, we decided to investigate the 
diffusional entropic barrier (TS°) needed to overcome for the formation of 
intermolecular dimer cation radical as the sterics around the pyrene core is modulated.  
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Utilizing equations 3 and 4: 
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 Thus, to a solution of MA
+•
SbCl6
¯
 in dichloromethane, was added 1 equivalent of 
alkyl pyrene to generate the cation radical of alkyl pyrene. After recording the absorption 
spectra at 20 °C in UV-vis-NIR spectrophotometer attached to a cryostat, was added 
another 10 equivalent of neutral solution of alkylpyrene in dichloromethane. The cuvette 
was sealed using a septum and absorption spectrum was recorded at 20 °C. The 
absorption spectra were then recorded by decreasing the temperature by 10 °C each time 
upto -40 °C after which some precipitation was observed. As shown in figure 14, with the 
decrease in temperature, the monomeric absorption band at  490 nm for tetraalkyl pyrenes 
(and  450 nm for 2tb) decreased while the NIR band showed a rise indicating that more 
and more cation radical was able to stack with its neutral counterpart to form dimer 
cation radical. A plot of lnKdimer vs. 1/T gives a straight line with slope of H°/R and an 
intercept of S°/R (also see the experimental section). The values of H° and S° were 
then deduced and are presented in table 1. 
 
Figure 14 Left: Spectral (UV-vis-NIR) changes in a 4.07 × 10-5 M 4m•+ 
solution in dichloromethane containing 10 equivalents of neutral 4m upon 
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step-wise decrease in temperature from 293 K to 233 K (by 10 Kelvin 
each time). Right: Plot of log10K against 1/T. 
 
 An analysis of table 1 shows that with the increasing steric bulk caused by the 
isopropyl groups as we go from 4m to 3m1ip and trans-2m2ip and cis-2m2ip, the S 
value becomes more and more negative. Consequently, the entropic contribution to free 
energy of the hole stablilization increases and hence the free energy decreases. This is 
understandable as the increased steric bulk prevents the chromophores to come closer and 
form dimer cation radical.  
Table 1. Thermodynamic parameters calculated for alkylpyrenes. 
 
 
X-ray crystallographic analysis of cation radicals 
 In order to verify whether the spectroscopic observations made in the NIR spectra 
of cation radicals translate into the solid state, we decided to isolate the cation radicals of 
alkyl pyrenes for their X-ray crystallographic analysis. While the spectroscopic signature 
of pyrene monomer and dimer cation radical has been reported in literature,
23
 isolation 
and X-ray crystallographic characterization of the pyrene cation radical has not been 
H S
TS
(20°C)
G (V)
(20°C)
Kdimer(M
-1)
4m -0.321 -4.81 × 10-4 -0.152 -0.169 869 ± 34 
3m1ip -0.303 -5.97 × 10-4 -0.175 -0.128 204 ± 6
t-2m2ip -0.322 -7.62 × 10-4 -0.223 -0.099 99 ± 6 
c-2m2ip -0.317 -9.24 × 10-4 -0.271 -0.046 23 ± 4 
4e -0.296 -6.30 × 10-4 -0.185 -0.111 150 ± 13 
2tb -0.299 -4.37 × 10-4 -0.128 -0.171 813 ± 43 
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possible due to its transient nature and unavailability of synthetic protocol for the 
preparation of alkyl pyrenes in handful quantities. The stability of the alkyl pyrene cation 
radicals prompted us to attempt the isolation of their monomeric and dimeric crystalline 
salts as follows. For example, in case of 4ip, an excellent crop of dark blue crystals, 
suitable for X-ray crystallographic studies, were obtained by a slow diffusion of toluene 
in a dichloromethane solution of 4ip
•+ 
generated from the oxidation of 4ip with 
NO
+
SbCl6
-
 during a period of 2 days at -30 °C. The cation-radical salt (4ip·SbCl6) forms 
a crystalline 1:2 molecular adduct with toluene, where cation radicals of 4ip apparently 
form individual 1:1 donor-acceptor complex units with one of the two 
crystallographically independent toluene molecules. The donor (toluene) and acceptor 
(cation radical of 4ip) components of the complex have nearly parallel -orbital systems 
(within 3.5º) and an appropriate inter-molecular separation (3.5 Å). These complex units 
form a herringbone motif with each other (figure 15).  
 
Figure 15.  ORTEP diagram of 4ip
•+
 SbCl6¯ cation radical salt with the 
packing diagram (A) and space filling diagram (B). Toluene molecules 
embedded in the herringbone stacks of 4ip
•+ 
have been omitted for clarity. 
 
A B
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 Similarly, the well-formed elongated black prisms obtained from the oxidation of 
4m, upon X-ray crystallographic analysis confirmed the isolation of a 2:1 cation-radical 
salt (4m·SbCl6). In the crystal structure, the pyrene moieties are packed in almost regular 
stacks along 21 axes (along b) with an interplanar distance 3.36 Å. Within a dimeric pair, 
the two pyrene units are rotated relative to each other by 60° and are not related by a 
symmetry element but have a very similar geometry (within a good experimental 
precision of 0.2 pm; figure 16A and B). Within the same crop of crystals we also 
observed some dark-colored flat needles under the microscope. These needles with poor 
high-angle diffraction, showed another modification of 2:1 cation-radical salt 
(4m·SbCl6). In this structure the pyrene units are packed in relatively regular stacks along 
x-axis with interplanar distance 3.40 Å. In comparison to the first mentioned 4m dimer 
cation radical structure, it contains an additional dichloromethane molecule. Also, in 
contrast to the 60° rotation of the two pyrene subunits in the earlier structure, these 
subunits are positioned parallel to each other (figure 16C and D). Isolation of the two 
modifications of 4m dimer cation radical crystal structure underlines the fact that a single 
charge can effectively be delocalized in either of these arrangements. Hence, the needed 
van der Waals contact necessary for electron delocalization can be achieved by either of 
these arrangements in sterically demanding pyrenes.  
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Figure 16.  ORTEP diagram of the two modifications of the 4m
•+
 SbCl
6
¯ 
cation radical salt with the packing diagram (A and C) and space filling 
diagram (B and D). Solvent molecules have been omitted for clarity. 
 
 Our attempts to isolate dimer cation radical crystal of 3m1ip resulted in the 
isolation of black plates which upon X-ray crystallographic analysis revealed that the 
structure consists of two symmetrically independent pyrene units accompanied by 1.5 
equivalents of SbCl6¯ – one anion in a general position of symmetry and another one 
occupying a crystallographic inversion center. This effectively means that each pyrene 
A B
C D
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unit bears an average positive charge of +3/4. The structure is built up of 1m3ip cation-
radical stacks along crystallographic z-axis (Figure 17) which are completely surrounded 
by alternating complex anions and dichloromethane molecules. The interplanar 
separations in the stacks are not uniform. They can be considered as a set of molecular 
quadruplets separated by 3.55 Å and somewhat shifted relative to each other. Between 
the quadruplets, there is a parallel overlap of the ‘outer’ pyrene units relative to each 
other. The ‘inner’ pyrene moieties in the quadruplets are rotated relative to each other by 
~60°. The interplanar separations within the quadruplets are 3.42 Å (between the inner 
units) and 3.28 Å (between inner and outer units). The π-electron moieties in the 
quadruplets are twisted relative to each other alternatively, but peripheral isopropyl 
groups are arranged in a helical fashion. The neighboring quadruplets have the helices of 
opposite signs because of inversion centers between them.  
 
Figure 17. ORTEP diagram of 3m1ip
•+
 SbCl6¯ cation radical salt with the 
packing diagram (A) and space filling diagram (B). Dichloromethane 
molecules have been omitted for clarity. 
 
A B
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 In case of trans-2m2ip, the black prisms obtained from the attempted 
crystallization of its cation radical, upon X-ray analysis revealed that the structure 
consists of 1.5 independent pyrene units per SbCl6¯ anion (one pyrene molecule sits on 
crystallographic inversion center; figure 18). This gives an average charge +2/3 per 
pyrene moiety. The pyrene units are packed in stacks along crystallographic ac diagonal 
and are alternatively turned relative to each other by ±60°. The planes of centro-
symmetric molecules are inclined by 5.5° relative to their non-centrosymmetric neighbors 
making interplanar separations of 3.47 Å. The non-centrosymmetric molecules make a 
dihedral angle of 1.6° between each other and are separated from each other by 3.37 Å. 
The shorter separations are somewhat more changed (as compared with the neutral 
molecule) and the bond lengths suggest that the non-centrosymmetric molecules carry a 
slightly greater positive charge than the centrosymmetric moiety. 
 
Figure 18.  ORTEP diagram of trans-2m2ip
•+
 SbCl6¯ cation radical salt 
with the packing diagram (A), and space filling diagram (B). 
 
 The cation radical crystal structure of 2tb (figure 19) shows the isolation of a 2:1 
cation-radical salt (2tb·SbCl6). The dimeric stacks of pyrene units are formed along z-
A B
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axis with an average interplanar distance of about 3.35 Å. As conjectured, the pyrene 
units are packed in stacks and are randomly turned relative to each other by ±60°. 
 
Figure 19. ORTEP diagram of 2tb
•+
 SbCl6¯ cation radical salt with the 
packing diagram (A), and space filling diagram (B). 
 
Structural Changes induced upon Oxidation  
 Availability of dimeric (4m) cation radical crystal structure with high geometric 
precision allowed us to complement our observations made in bond length changes upon 
oxidation of the pyrene core in case of 4ip.
5
 It should be noted that observations made 
both from cyclic voltammetry and UV-vis absorption spectroscopy clearly suggest that 
there is no change in pyrene chromophore upon and interchange of methyl and isopropyl 
groups. An analysis of the bond length changes in the monomer 4ip
•+
and dimeric (4m)2
•+
 
cation radical, together with a comparison with the neutral form (4ip), the structure of 
which was established by X-ray crystallography,
5
 points to the following important 
observations:  
A B
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(i) One electron oxidation causes no perceptible change in the bonds marked A and E 
(figure 21; table 2). (ii) The increased aromatization of the two internal rings of the 
pyrene molecule on oxidation occurs by a simultaneous lengthening of the short external 
bonds B and D by 2.4 and 2.8 pm, respectively, and shortening of the adjacent long bonds 
C by 2.2 pm. (iii) The central bond F, undergoes a shortening of 1.8 pm in order to 
accommodate the changes in the bond lengths of various annulenic bonds (i.e. B, C, and 
D). (iv) A comparison of the elongation (B and D) and contraction (C) of bonds in 
dimeric (4m)2
•+
 cation-radical with that of the monomeric 4ip
•+
 cation-radical showed 
that the changes in various bond lengths were approximately one-half. Thus, the 
structural comparison between monomeric and dimeric cation-radicals corroborates a 
complete delocalization of the positive charge over two pyrene molecules within the 
dimeric cation-radical.
22
 
 
 
Figure 20. Left: Numbering scheme for the pyrene skeleton. Right: 
Showing the localization of the HOMO of 4ip, obtained by DFT 
calculations at B3LYP-631G** level, on bonds labelled B and D. 
 
 
 
 
A
BC
D
EF
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Table 2. X-ray structural bond length changes in cation radical 4ip
•+
 and 
dimer cation radical (4m)2
•+
 in comparison with the neutral 4ip. 
 
 
 In summary, we have presented a case study to demonstrate that the electronic 
communication between two chromophores is possible if the sterics allow them to 
achieve a minimum van der Waals contact between them. Using pyrenes with 
progressively increasing steric bulk around them as a model for varied overlapping of 
electro-active materials in charge transport layer of photovoltaic devices, electronic 
communication has been studied in excited state and upon formation of cation radical 
both in solution and in solid state in both qualitative and quantitative terms. UV-vis 
absorption and emission spectroscopic evidences as well as examination of X-ray crystal 
structure of cation radicals suggest that when Pyrene core is congested by 4 isopropyl 
groups at 1,3,6,8-positions, there is complete inhibition of -stacking and hence no 
electronic communication is observed. In all other cases where sterics allow the close 
contact in one orientation or other, the electronic communication is clearly evident. 
Bond 
Type 4ip 4ip
•+ Δ (4m)2
•+ Δ
A 138.9 (3) 138.6 (2) -0.3 139.2 (2) +0.3
B 141.1 (3) 143.5 (3) +2.4 142.1 (2) +1.0
C 143.4 (3) 141.2 (3) -2.2 142.4 (2) -1.0
D 134.7 (3) 137.5 (3) +2.8 136.4 (2) +1.7
E 142.7 (3) 142.4 (3) -0.3 142.4 (2) -0.3
F 144.5 (3) 142.7 (4) -1.8 142.8 (2) -1.7
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Scalable synthetic route to prepare alkyl pyrenes that form stable cation radical salts at 
room temperature is expected to boost their use as a probe to study the structure and 
transient behavior of environment around the Pyrene site.
27
  
Table 3. Optical and electrochemical data for alkyl pyrenes. 
  
Eox1 
V vs SCE
max UV-vis
nm
(log  max)
max 
(emission)
nm
max CR
+
(log  max)
4m 1.00 367 (4.52)
386, 406,
428
492 (4.80), 
692 (3.64),
1980 (3.95)
3m1ip 1.00 367 (4.53)
386, 406,
428
492 (4.80), 
692 (3.63),
1980 (4.00)
c-2m2ip 0.99 367 (4.53)
386, 406,
428
492 (4.79), 
692 (3.61),
1980 (3.98)
t-2m2ip 0.99 367 (4.54)
386, 406,
428
492 (4.81), 
692 (3.65),
1980
1m3ip 0.98 367 (4.54)
386, 406,
428
492, 
692(3.66),
1980 (4.01)
4ip 0.98 367 (4.53)
386, 406,
428
494 (4.83), 
695 (3.64) 
4e 1.01 367 (4.53)
386, 406,
428
493 (4.79),
692 (3.63),
1980 (4.03)
2tb 1.29 340 (4.43)
380, 388, 
396
452 (4.69), 
808 (3.51),
1582 (3.73)
Py 1.36 337 (4.62)
380, 
396
450
1500
(in DCE)
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Experimental 
 
General Experimental Methods and Materials: 
 All reactions were performed under argon atmosphere unless otherwise noted. All 
commercial reagents were used without further purification unless otherwise noted. 
Dichloromethane (Aldrich) was repeatedly stirred with fresh aliquots of concentrated 
sulfuric acid (~10 % by volume) until the acid layer remained colorless. After separation, 
it was washed successively with water, aqueous sodium bicarbonate, water, and brine and 
then dried over anhydrous calcium chloride. The resulting dichloromethane was distilled 
twice from P2O5 under an argon atmosphere and stored in a Schlenk flask equipped with 
a Teflon valve fitted with Viton O-rings. The hexanes and toluene were distilled from 
P2O5 under an argon atmosphere and then refluxed over calcium hydride (~12 h). After 
distillation from CaH2, the solvents were stored in Schlenk flasks under an argon 
atmosphere. Tetrahydrofuran (THF) was dried initially by distilling over Lithium 
Aluminum Hydride under an argon atmosphere. The THF was further refluxed over 
metallic sodium in the presence of benzophenone until a persistent blue color was 
obtained and then it was distilled under an argon atmosphere and stored in a Schlenk 
flask equipped with a Teflon valve fitted with Viton O-rings. NMR spectra were recorded 
on Varian 300 and 400 MHz NMR spectrometers.  
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Cyclic Voltammetry (CV): 
 The CV cell was of an air-tight design with high vacuum Teflon valves and Viton 
O-ring seals to allow an inert atmosphere to be maintained without contamination by 
grease. The working electrode consisted of an adjustable platinum disk embedded in a 
glass seal to allow periodic polishing (with a fine emery cloth) without changing the 
surface area (~1 mm
2
) significantly. The reference SCE electrode (saturated calomel 
electrode) and its salt bridge were separated from the catholyte by a sintered glass frit. 
The counter electrode consisted of platinum gauze that was separated from the working 
electrode by ~3 mm. The CV measurements were carried out in a solution of 0.2 M 
supporting electrolyte (tetra-n-butylammonium hexafluorophosphate, TBAH) and 1-2 × 
10
-3
 M substrate in dry dichloromethane under an argon atmosphere. All the cyclic 
voltammograms were recorded at a sweep rate of 100-500 mV sec
-1
, unless otherwise 
specified and were IR compensated. The oxidation potentials (E1/2) were referenced to 
SCE, which was calibrated with added (equimolar) ferrocene (E1/2 = 0.450 V vs. SCE). 
The E1/2 values were calculated by taking the average of anodic and cathodic peak 
potentials in the reversible cyclic voltammograms. 
 
General Procedure for the Spectral Titration of [MA
●+
SbCl6
¯
] with tetraalkyl 
pyrenes 
  An orange-red solution of MA
+●
SbCl6
¯
 in dichloromethane (2 mL) was taken in a 
1-cm quartz cuvette at room temperature (18 C). A dichloromethane solution of alkyl 
pyrene was added incrementally to this solution. After the addition of each increment, the 
UV-vis/NIR spectrum of the resulting solution was recorded.  
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Procedure for the Spectral Titration of [Nap
●+
 SbCl6
¯
] with 2tb 
  A deep blue solution of Nap
+●
SbCl6
¯
in dichloromethane (2 mL) was transferred 
under an argon atmosphere in a 1-cm quartz cuvette. A dichloromethane solution of 2tb 
was added incrementally to this solution. After the addition of each increment, the UV-
vis/NIR spectrum of the resulting solution was recorded at 18 C.  
 
Procedure for the determination of dimerization constant (Kdimer) 
 To a 2 mL dichloromethane solution of MA
+•
SbCl6
¯
 taken in a 1 cm
2
 quartz 
cuvette, was added 1 equivalent of alkyl pyrene to generate the cation radical of alkyl 
pyrene. After recording the absorption spectra at room temperature (18 °C) in UV-vis-
NIR spectrophotometer, was added 10 equivalent of neutral solution of alkylpyrene in 
dichloromethane. The absorption spectra were then recorded by incremental additions of 
10-30 equivalents of neutral solution of alkylpyrene each time up to ~100 equivalents and 
the absorbance changes were monitored in the UV-vis and NIR region. The absorbance 
data were then evaluated with the aid of Benesi-Hildebrand correlation.  
 
Procedure for the determination of enthalpy change (ΔH) and entropy change (ΔS) 
for the formation of dimer cation radical: 
 To a 2 mL solution of MA
+•
SbCl6
¯
 in dichloromethane taken in a 1 cm
2
 quartz 
cuvette, was added 1 equivalent of alkyl pyrene to generate the cation radical of alkyl 
pyrene. After recording the absorption spectra at 20 °C in UV-vis-NIR spectrophotometer 
attached to a cryostat, was added another 10 equivalent of neutral solution of alkylpyrene 
in dichloromethane. The cuvette was sealed using a septum and absorption spectrum was 
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recorded at 20 °C. The absorption spectra were then recorded by decreasing the 
temperature slowly by 10 °C each time up to -40 °C, after which change in baseline 
indicated precipitation of the cation radical or its dimer in the cuvette. The absorbance 
changes monitored in the UV-vis and NIR region were then evaluated with the aid of 
Equation ES1 and a plot of log10 K vs. 1/T (in Kelvin
-1
) as shown in Figure S7 was used 
for the calculation of ΔH and ΔS.   
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Figure S1: Cyclic voltammograms of 2 × 10
-3
 M of alkyl pyrenes in 
CH2Cl2 containing 0.2 M n-Bu4NPF6 at scan rates between 100 and 500 
mV.s
-1
 (with 100 mV increments) at 18 C. 
  
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6 4m
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6 3m1ip
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6
cis-2m2ip
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6
trans-2m2ip
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6
1m3ip
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-8e-6
-4e-6
0
4e-6
4ip
Volts vs. SCE
0.60.81.01.21.41.6
C
u
rr
en
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6
4e
Volts vs. SCE
0.60.81.01.21.41.6
C
u
r
r
e
n
t 
(A
)
-1.6e-5
-8.0e-6
0.0
8.0e-6
2tb
131 
 
 
 
Figure S2: UV-vis absorption spectra of 2.0  10 
-5 
M solution of alkyl 
pyrenes recorded
 
in dichloromethane at 22C. 
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Absorption spectra (UV-vis) of cation radicals 
  
 
 Figure S3A: Left: Spectral (UV-vis) changes upon the reduction of 1.93 x 10
-5
 M 
MA
•+
 by incremental addition of 4m in dichloromethane at 18 °C. Right: A plot of 
increase of absorbance of 4m
•+
 (monitored at 492 nm) against the equivalent of added 
4m. 
 
 Figure S3B: Left: Spectral (UV-vis) changes upon the reduction of 2.05 x 10
-5
 M 
MA
•+
 by incremental addition of 3m1ip in dichloromethane at 18 °C. Right: A plot of 
increase of absorbance of 3m1ip
•+
 (monitored at 492 nm) against the equivalent of added 
3m1ip. 
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 Figure S3C: Left: Spectral (UV-vis) changes upon the reduction of 2.18 x 10
-5
 M 
MA
•+
 by incremental addition of trans-2m2ip in dichloromethane at 18 °C. Right: A plot 
of increase of absorbance of trans-2m2ip
•+
 (monitored at 492 nm) against the equivalent 
of added trans-2m2ip. 
 
 Figure S3D: Left: Spectral (UV-vis) changes upon the reduction of 2.2 x 10
-5
 M 
MA
•+
 by incremental addition of cis-2m2ip in dichloromethane at 18 °C. Right: A plot of 
increase of absorbance of cis-2m2ip
•+
 (monitored at 492 nm) against the equivalent of 
added cis-2m2ip. 
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 Figure S3E Left: Spectral (UV-vis) changes upon the reduction of 2.02 x 10
-5
 M 
MA
•+
 by incremental addition of 1m3ip in dichloromethane at 18 °C. Right: A plot of 
increase of absorbance of 1m3ip
•+
 (monitored at 494 nm) against the equivalent of added 
1m3ip. 
 
 
 
 Figure S3F Left: Spectral (UV-vis) changes upon the reduction of 1.05 x 10
-5
 M 
MA
•+
 by incremental addition of 4ip in dichloromethane at 18 °C. Right: A plot of 
increase of absorbance of 4ip
•+
 (monitored at 494 nm) against the equivalent of added 
4ip. 
 
 
Figure S3G Left: Spectral (UV-vis) changes upon the reduction of 2.21 x 10
-5
 M MA
•+
 
by incremental addition of 4e in dichloromethane at 18 °C. Right: A plot of increase of 
absorbance of 4e
•+
 (monitored at 494 nm) against the equivalent of added 4e. 
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Figure S3H Left: Spectral (UV-vis) changes upon the reduction of 3.52 x 10
-5
 M MA
•+
 
by incremental addition of 2tb in dichloromethane at 18 °C. Right: A plot of increase of 
absorbance of 2tb
•+
 (monitored at 452 nm) against the equivalent of added 2tb. 
 
 
 Absorption spectra (NIR) of cation  radicals 
  
 
 Figure S4A Left: Spectral (NIR) changes upon incremental addition of neutral 4m 
(10 – 40 equivalents) to a dichloromethane solution of 4m+•SbCl6¯ cation radical salt at 
room temperature (17 °C). Right: Benesi-Hildebrand plot for the experiment. 
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 Figure S4B Left: Spectral (NIR) changes upon incremental addition of neutral 
3m1ip (10 – 100 equivalents) to a dichloromethane solution of 3m1ip+•SbCl6¯ cation 
radical salt at room temperature (18 °C). Right: Benesi-Hildebrand plot for the 
experiment. 
 
 
 
Figure S4C Left: Spectral (NIR) changes upon incremental addition of neutral trans-
2m2ip (10 – 100 equivalents) to a dichloromethane solution of trans-2m2ip+•SbCl6¯ 
cation radical salt at room temperature (18 °C). Right: Benesi-Hildebrand plot for the 
experiment. 
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Figure S4D Left: Spectral (NIR) changes upon incremental addition of neutral cis-2m2ip 
(10 – 120 equivalents) to a dichloromethane solution of cis-2m2ip+•SbCl6¯ cation radical 
salt at room temperature (18 °C). Right: Benesi-Hildebrand plot for the experiment. 
 
  
  
 
Figure S4E Left: Spectral (NIR) changes upon incremental addition of neutral 4e (10 – 
100 equivalents) to a dichloromethane solution of 4e
+•
SbCl6¯ cation radical salt at room 
temperature (18 °C). Right: Benesi-Hildebrand plot for the experiment. 
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.  
 Figure S4F Left: Spectral (NIR) changes upon incremental addition of neutral 
2tb (10 – 100 equivalents) to a dichloromethane solution of 2tb+•SbCl6¯ cation radical 
salt at room temperature (18 °C). Right: Benesi-Hildebrand plot for the experiment. 
 
 
Figure S5: Plots of log10 K vs. 1/T (in Kelvin
-1
) for the calculation of enthalpy change 
(ΔH) and entropy change (ΔS) for the formation of dimer cation radical of alkylpyrenes.
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Synthesis of Compounds:  
 
1,3,6,8-tetrabromopyrene (1): This was synthesized in 95 % yield by reacting pyrene 
with bromine according to a literature published procedure (G. Venkataramana, S. 
Sankararaman, Eur. J. Org. Chem., 2005, 4162). 
2,7-di-tert-butylpyrene (2tb): To a solution of Pyrene (2.0 g , 9.9 mmol) and t-butyl 
chloride (2.6 mL, 25 mmol) in dichloromethane (50 mL), was added a solution of FeCl3 
(200 mg, 1.23 mmol) in dichloromethane (10 mL). The resulting mixture was stirred for 
10 minutes at room temperature. The reaction was quenched with methanol (20 mL). The 
solvent was removed under reduced pressure to yield crude product which was purified 
by column chromatography using hexanes as solvent (2.67 g, 85 %). mp 206-208 C, 1H 
NMR (400 MHz, CDCl3, δ) 8.21 (s, 4H), 8.05 (s, 4H), 1.61 (s, 18H); 
13
C NMR (100 
MHz, CDCl3, δ) 148.7, 131.0, 127.6, 123.1, 122.2, 35.4, 33.2.  
1,3,6,8-tetraethylpyrene (4e): The precursors 1,3,6,8-
tetrakis(trimethylsilylethynyl)pyrene and  1,3,6,8-tetraethynylpyrene were prepared in 80 
% and 93 % yield respectively, as per literature published procedure. (K. Mullen et al, 
Chem. Eur. J., 2006, 12, 6117). 1,3,6,8-tetraethynylpyrene (550 mg, 1.84 mmol) was 
suspended in ethyl acetate (100 mL) containing 10 % Pd on charcoal (50 mg) and the 
suspension was subjected to a pressure of 2-3 bar hydrogen for 4 h. in a high pressure 
bottle. Pd-C was then removed by passing the reaction mixture through a small pad of 
celite and the solvent was removed under reduced pressure. The product was purified by 
crystallization from dichloromethane – acetonitrile(1:1) as shining yellow crystals (485 
mg, 83 %). mp 188-190 C, 1H NMR (300 MHz, CDCl3, δ) 8.22 (s, 4H), 7.74 (s, 2H), 
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3.36 (q, J = 7.56 Hz, 8H), 1.49 (t, J = 7.56 Hz, 12H); 
13
C NMR (75 MHz, CDCl3, δ) 
137.9, 127.2, 126.6, 122.4, 26.9, 16.4. 
1,3-bis(chloromethyl)-4,6-dimethylbenzene: This was synthesized in 55 % yield as per 
literature published procedure. (Gerisch, Michael; Krumper, Jennifer R.; Bergman, 
Robert G.; Tilley, T. Don Organometallics, 2003, 22(1), 47-58) 
1,5-bis(mercaptomethyl)-2,4-dimethylbenzene: This was synthesized in 92 % yield as 
per literature published procedure. (Mitchell, Reginald H.; Vinod, Thottumkara K.; 
Bodwell, Graham J.; Bushnell, Gordon W. JOC, 1989, 54(25), 5871-5879)   
syn-5,7,14,16-tetramethyl-2,11-dithia[3.3]metacyclophane: This was synthesized in 78 
% yield as per literature published procedure. (Mitchell et al, JOC, 1989, 54(25), 5871-
5879) 
4,6,12,14-tetramethyl-bis(methylthio)[2.2]metacyclophane: Under an argon 
atmosphere at 0 C, n-BuLi (4.8 mL, 12 mmol, 2.5 M solution in hexane) was added to a 
stirred solution of syn-5,7,14,16-tetramethyl-2,11-dithia[3.3]metacyclophane (800 mg, 
2.4 mmol) in dry THF (25 mL). The ice bath was removed reaction was warmed to room 
temperature at which it was stirred for 2 h. Iodomethane (0.75 mL, 12 mmol) was added, 
and after stirring further for 30 minutes, the contents were poured in ice cold water and 
extracted with dichloromethane (100 mL). The solvent was removed under reduced 
pressure to yield light green resinous matter containing mixture of isomers of 4,6,12,14-
tetramethyl-bis(methylthio) [2.2]metacyclophane (690 mg, 81 %). On standing overnight, 
colorless crystals separated out of the resinous material (150 mg, isolated Yield 17 %). 
 
1
H NMR (300 MHz, CDCl3, δ) 7.03 (s, 2H), 5.18 (s, 2H), 4.78 (dd, J = 3.3, 4.0 Hz, 2H), 
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3.51 (dd, J = 3.3, 12.8 Hz, 2H), 2.48 (s, 6H), 2.42 (dd, J = 4.0, 12.8 Hz, 2H), 2.37 (s, 6H), 
1.86 (s, 6H).  
4,6,12,14-tetramethyl[2.2]metacyclophane:  To a solution of 4,6,12,14-tetramethyl-
bis(methylthio)[2.2]metacyclophane (145 mg, 0.41mmol) in THF (50 mL) was added 
commercial Raney Nickel (5 g, Raney 2800 nickel, slurry in water) and the mixture was 
boiled under reflux for 20 h. The catalyst was filtered out through a filter paper, washed 
with dichloromethane and dried over anhydrous MgSO4. The solvent was removed under 
reduced pressure to yield 4,6,12,14-tetramethyl [2.2]metacyclophane as colorless crystals 
(103 mg , 95 %). 
1
H NMR (400 MHz, CDCl3, δ) 7.01 (s, 2H), 4.24 (s, 2H), 3.26 (d, J = 
9.52 Hz, 4H), 2.34 (s, 12H), 1.79 (d, J = 9.52 Hz, 4H); 
13
C NMR (75 MHz, CDCl3, δ): 
137.4, 134.6, 132.8, 132.0, 35.3, 18.9. 
1,3,6,8-tetramethylpyrene (4m): To a solution of FeCl3 (150 mg, 0.95 mmol) in CH2Cl2 
(30 mL),  4,6,12,14-tetramethyl [2.2]metacyclophane (100 mg, 0.38 mmol) was added 
and the reaction mixture was warmed for 30 min. The contents were passed through a 
short column of silica gel and washed with dichloromethane to yield a mixture of 1,3,6,8-
tetramethyl-4,5,9,10-tetrahydropyrene,  1,3,6,8-tetramethyl-9,10-dihydropyrene and 
1,3,6,8-tetramethylpyrene (80 mg). The mixture of 1,3,6,8-tetramethyl-4,5,9,10-
tetrahydropyrene, 1,3,6,8-tetramethyl-9,10-dihydropyrene and 1,3,6,8-tetramethylpyrene 
(80 mg) with DDQ (200 mg, 0.88 mmol, 98% pure) in benzene (50 mL) was refluxed for 
5 hours. The reaction mixture was cooled and solvent was removed under reduced 
pressure. The residue was chromatographed on silica gel using ethyl acetate-hexane 
(1:99)   to give 1,3,6,8-tetramethylpyrene as light yellow crystals (40 mg, 41 %).  
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1,3,6,8-tetramethylpyrene (4m) Second method: To a suspension of 1,3,6,8-
tetrabromopyrene (500 mg, 0.97 mmol) in THF (100 mL) under Argon, was added 
XPhos (20 mg, 0.04 mmol), Pd2(dba)3 (20 mg, 0.020 mmol) and DABAL-Me3 (770 mg, 
3.0 mmol). The flask was covered with aluminum foil and the solution was refluxed for 8 
hours. The flask was then cooled to room temperature and the contents were poured 
slowly upon 5 % HCl solution (100 mL). The organic layer was extracted using 
dichloromethane. The organic layer was dried over anhydrous MgSO4 and the solvent 
was removed in vacuo.  The contents were then dissolved in dichloromethane and passed 
through a short pad of silica gel. The solid was washed with dichloromethane (10 mL × 
5) to afford 4m as light shiny yellow solid (220 mg, 88 %). It should be noted the 
compound drags in a regular silica gel column with hexanes/ethyl 
acetate/dichloromethane eluent. mp 276-278 C, 1H NMR (400 MHz, CDCl3, δ) 8.17 (s, 
4H), 7.72 (s, 2H), 2.94 (s, 12H); 
13
C NMR (100 MHz, CDCl3, δ) 131.5, 130.2, 128.0, 
125.6, 122.7, 20.0. 
Mixture of 1,6-dibromopyrene and 1,8-dibromopyrene: The mixture of two pyrenes 
(1:1) was obtained in 90 % yield as per literature published procedure (Heng, Wendy 
Yuqing; Hu, Jian; Yip, John H. K. Organometallics 2007, 26(27), 6760-6768). Fractional 
crystallization using CHCl3 afforded 1,6-dibromopyrene in 30 % and 1,8-dibromopyrene 
in 38 % isolated yield. 
1,6-dibromopyrene: 
1
H NMR (400 MHz, CDCl3, δ) 8.46 (d, J
 
= 9.2 Hz, 2H), 8.27 (d, J
 
= 
8.3 Hz, 2H), 8.12 (d, J
 
= 9.2 Hz, 2H), 8.06 (d, J
 
= 8.3 Hz, 2H). 
13
C NMR (100 MHz, 
CDCl3, δ) 131.01, 130.76, 130.04, 128.92, 126.60, 126.21, 125.57, 121.06. 
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1,8-dibromopyrene: 
1
H NMR (400 MHz, CDCl3, δ) 8.51 (s,2H),8.25 (d, J
 
= 8.2 Hz, 2H), 
8.02 (d, J
 
= 8.2 Hz, 2H), 8.02 (s, 2H). 
13
C NMR (100 MHz, CDCl3, δ)  130.91, 130.87, 
129.77, 127.73, 127.62, 126.38, 125.50, 120.76. 
1,6-dimethylpyrene: To a solution of 1,6-dibromopyrene (250 mg, 0.69 mmol) in THF 
(50 mL) under Argon, was added XPhos (15 mg, 0.03 mmol), Pd2(dba)3 (15 mg, 0.015 
mmol) and DABAL-Me3 (215 mg, 0.83 mmol). The flask was covered with aluminum 
foil and the solution was refluxed for 6 hours. The flask was then cooled to room 
temperature and the contents were poured slowly upon 5 % HCl solution (50 mL). The 
organic layer was extracted using dichloromethane. The organic layer was dried over 
anhydrous MgSO4 and removed in vacuo.  Column chromatography (silica gel/hexanes) 
afforded 1,6-dimethylpyrene as colorless shiny solid. Yield (145 mg, 91 %). mp 160-
162 C, 1H NMR (400 MHz, CDCl3, δ) 8.18 (d, J
 
= 9.2 Hz, 2H), 8.08 (d, J
 
= 7.7 Hz, 2H), 
8.07 (d, J
 
= 9.2 Hz, 2H), 7.85 (d, J
 
= 7.7 Hz, 2H), 2.98 (s, 6H). 
13
C NMR (100 MHz, 
CDCl3, δ) 132.17, 129.75, 129.61, 127.99, 127.43, 125.16, 124.62, 122.85, 20.14.  
1,6-dibromo-3,8-dimethylpyrene: This was prepared by the method used above for di 
bromination of Pyrene. Thus, 1,6-dimethylpyrene (140 mg, 0.61 mmol) was dissolved in 
a mixture of Et2O (20 mL) and CH3OH (20 mL). HBr solution (48 %, 0.172 mL, 1.52 
mmol) was then added to the solution. To this mixture was added H2O2 (30 %, 0.10 mL, 
1.0 mol). The resulting pale yellow slurry was stirred for 12 h. The product was filtered 
and washed with hot EtOH (10 mL × 3) to afford colorless shiny 1,6-dibromo-3,8-
dimethylpyrene (210 mg, 89 %). The crude compound showed very poor solubility in 
common organic solvents and was used as such in the next step. mp 315-317 C (d), 1H 
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NMR (400 MHz, CDCl3, 50 °C, δ) 8.47 (d, J
 
= 9.5 Hz, 2H), 8.23 (d, J
 
= 9.5 Hz, 2H), 8.16 
(s, 2H), 2.96 (s, 2H).   
1,6-dimethyl-3,8-diisopropenylpyrene: To a suspension of 1,6-dibromo-3,8-
dimethylpyrene (200 mg, 0.51 mmol) in dioxane (30 mL), was added isopropenylboronic 
acid (111 mg, 1.29 mmol), K2CO3 (2M in water, 10 ml) and Pd(PPh3)4 (50 mg), and the 
flask was repeatedly degassed by evacuation and purging with argon. The mixture was 
refluxed under argon atmosphere and complete exclusion of light for 16 hours after 
which it was quenched with the addition of water. The organic layer was extracted with 
dichloromethane, washed consecutively with water and brine before being dried over 
MgSO4 and concentrated. As adjudged by 
1
H NMR, 80 % of product was formed. After 
column chromatography (silica gel/hexanes), repeated crystallizations were performed 
using dichloromethane-methanol (2:1) to get 93 mg of the pure product. Isolated Yield 
(58 %). mp 156-158 C, 1H NMR (400 MHz, CDCl3, δ) 8.31 (d, J
 
= 9.5 Hz, 2H), 8.15 (d, 
J
 
= 9.5 Hz, 2H), 7.73 (s, 2H), 5.57 (s, 2H),  5.18 (s, 2H), 2.97 (s, 6H), 2.36 (s, 6H); 
13
C 
NMR (100 MHz, CDCl3, δ) 145.34, 139.35, 131.43, 128.62, 127.62, 126.37, 125.81, 
124.85, 122.56, 116.82, 25.90, 20.14. 
1,6-dimethyl-3,8-diisopropylpyrene (trans-2m2ip): In a  mixture of ethyl acetate and 
ethanol (4:1) (100 mL), was added 1,6-dimethyl-3,8-diisopropenylpyrene (90 mg, 0.29 
mmol). To this, 10% Pd  on charcoal (100 mg) was added and the suspension was 
subjected to a pressure of 2-3 bar hydrogen gas for 3 h. in a high pressure bottle after 
which an aliquot showed complete alkene reduction as adjudged by 
1
H NMR. The 
mixture was then passed through a pad of silica gel and washed with dichloromethane. 
The solvent was then removed in vacuo and the crude compound was crystallized with 
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dichloromethane-methanol (4:1) to afford trans-2m2ip. Yield (87 mg, 96 %). mp 216-
218 C, 1H NMR (400 MHz, CDCl3, δ) 8.34 (s, 2H), 8.21 (s, 2H), 7.86 (s, 2H), 4.10 
(septet, J
 
= 6.8 Hz, 2H), 3.01 (s, 6H), 1.57 (septet, J
 
= 6.8 Hz, 12H); 
13
C NMR (100 MHz, 
CDCl3, δ) 141.87, 131.55, 127.64, 126.82, 126.18, 124.82, 122.66, 121.91, 29.05, 24.26, 
20.46.  
1,8-dimethylpyrene: To a solution of 1,8-dibromopyrene (225 mg, 0.63 mmol) in THF 
(50 mL) under Argon, was added XPhos (15 mg, 0.03 mmol), Pd2(dba)3 (15 mg, 0.015 
mmol) and DABAL-Me3 (196 mg, 0.75 mmol). The flask was covered with aluminum 
foil and the solution was refluxed for 6 hours. The flask was then cooled to room 
temperature and the contents were poured slowly upon 5 % HCl solution (50 mL). The 
organic layer was extracted using dichloromethane. The organic layer was dried over 
anhydrous MgSO4 and removed in vacuo.  Column chromatography (silica gel/hexanes) 
afforded 1,8-dimethylpyrene as colorless shiny solid. Yield (130 mg, 90 %). mp 96-98 
C, 1H NMR (400 MHz, CDCl3, δ) 8.29 (s, 2H), 8.06 (d, J
 
= 7.7 Hz, 2H), 7.96 (s, 2H), 
7.85 (d, J
 
= 7.7 Hz, 2H), 2.99 (s, 6H). 
13
C NMR (100 MHz, CDCl3, δ) 130.94, 130.12, 
129.07, 127.77, 126.66, 125.07, 124.58, 123.35, 19.88. 
1,8-dibromo-3,6-dimethylpyrene: This was prepared by the method used above for di 
bromination of Pyrene. Thus, 1,8-dimethylpyrene (125 mg, 0.54 mmol) was dissolved in 
a mixture of Et2O (20 mL) and CH3OH (20 mL). HBr solution (48 %, 0.152 mL, 1.35 
mmol) was then added to the solution. To this mixture was added H2O2 (30 %, 0.10 mL, 
1.0 mol). The resulting pale yellow slurry was stirred for 12 h. The product was filtered 
and washed with hot EtOH (10 mL × 3) to afford colorless shiny 1,6-dibromo-3,8-
dimethylpyrene (180 mg, 85 %). The crude compound showed very poor solubility in 
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common organic solvents and was used as such in the next step. mp 330-332 C (d), 1H 
NMR (400 MHz, CDCl3, 50 °C, δ) 8.45 (s, 2H), 8.26 (s, 2H), 8.16 (s, 2H), 2.96 (s, 2H).  
1,8-dimethyl-3,6-diisopropenylpyrene: To a suspension of 1,8-dibromo-3,6-
dimethylpyrene (175 mg, 0.41 mmol) in dioxane (30 mL), was added isopropenylboronic 
acid (90 mg, 1.03 mmol), K2CO3 (2M in water, 10 ml) and Pd(PPh3)4 (50 mg), and the 
flask was repeatedly degassed by evacuation and purging with argon. The mixture was 
refluxed under argon atmosphere and complete exclusion of light for 16 hours after 
which it was quenched with the addition of water. The organic layer was extracted with 
dichloromethane, washed consecutively with water and brine before being dried over 
MgSO4 and concentrated. As adjudged by 
1
H NMR, 84 % of product was formed. After 
column chromatography (silica gel/hexanes), repeated crystallizations were performed 
using dichloromethane-methanol (2:1) to get 91 mg of the pure product. Isolated Yield 
(63 %). mp 142-144 C, 1H NMR (400 MHz, CDCl3, δ) 8.23 (s, 2H), 8.19 (s, 2H), 7.71 
(s, 2H), 5.54 (m, 2H), 5.19 (m, 2H), 2.97 (s, 6H), 2.33 (m, 6H); 
13
C NMR (100 MHz, 
CDCl3, δ) 145.36, 139.21, 131.43, 128.64, 127.59, 126.60, 125.86, 124.23, 123.08, 
116.81, 25.90, 20.06. 
1,8-dimethyl-3,6-diisopropylpyrene (cis-2m2ip): In a  mixture of ethyl acetate and 
ethanol (4:1) (100 mL), was added 1,8-dimethyl-3,6-diisopropenylpyrene (89 mg, 0.29 
mmol). To this, 10 % Pd  on charcoal (100 mg) was added and the suspension was 
subjected to a pressure of 2-3 bar hydrogen gas for 3 h. in a high pressure bottle after 
which an aliquot showed complete alkene reduction as adjudged by 
1
H NMR. The 
mixture was then passed through a pad of silica gel and washed with dichloromethane. 
The solvent was then removed in vacuo and the crude compound was crystallized with 
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dichloromethane-methanol (4:1) to afford cis-2m2ip. Yield (85 mg, 94 %). mp 188-190 
C, 1H NMR (400 MHz, CDCl3, δ) 8.34 (2H, s), 8.21 (2H, s), 7.86 (2H, s), 4.10 (2H, 
septet, J
 
= 6.8 Hz), 3.01 (6H, s), 1.57 (12H, septet, J
 
= 6.8 Hz); 
13
C NMR (100 MHz, 
CDCl3, δ) 141.70, 131.68, 127.86, 126.60, 126.18, 124.81, 122.75, 121.81, 29.02, 24.29, 
20.53.  
1,3,6-tribromopyrene: This was prepared from the mixture of 1,6-dibromopyrene and 
1,8-dibromopyrene as per the literature published procedure in 42 % yield. (Grimshaw, 
J.; Grimshaw, J. T. J. Chem. Soc., Perkin Trans. 1 1972, 1622-1623) 
1
H NMR (300 MHz, 
CDCl3, δ) 8.58 (d, J = 9.6 Hz, 1H), 8.56 (s, 1H), 8.50 (d, J = 9.6 Hz, 1H), 8.43 (d, J = 9.2 
Hz, 1H), 8.31 (d, J = 8.2 Hz, 1H), 8.15 (d, J = 9.2 Hz, 1H), 8.10 (d, J = 8.2 Hz, 1H).  
1,3,6-trimethylpyrene: To a suspension of 1,3,6-tribromopyrene (430 mg, 0.98 mmol) in 
THF (50 mL) under Argon, was added XPhos (20 mg, 0.04 mmol), Pd2(dba)3 (20 mg, 
0.020 mmol) and DABAL-Me3 (502 mg, 1.96 mmol). The flask was covered with 
aluminum foil and the solution was refluxed for 6 hours. The flask was then cooled to 
room temperature and the contents were poured slowly upon 5 % HCl solution (50 mL). 
The organic layer was extracted using dichloromethane. The organic layer was dried over 
anhydrous MgSO4 and removed in vacuo.  Column chromatography (silica gel/hexanes) 
afforded 1,3,6-trimethylpyrene as colorless shiny solid. Yield (203 mg, 85 %). mp 174-
176 C, 1H NMR (300 MHz, CDCl3, δ) 8.25 (d, J = 9.5 Hz, 1H), 8.20 (d, J = 9.5 Hz, 1H) 
8.14 (d, J = 9.2 Hz, 1H), 8.05 (d, J = 7.7 Hz, 1H), 7.99 (d, J = 9.2 Hz, 1H), 7.83 (d, J = 
7.7 Hz, 1H), 7.73 (s, 1H), 2.98 (s, 3H), 2.95 (s, 3H), 2.94 (s, 3H); 
13
C NMR (75 MHz, 
CDCl3, δ) 131.86, 131.74, 131.64, 130.21, 130.05, 129.44, 128.16, 127.86, 127.76, 
126.46, 125.44, 125.35, 124.48, 123.62, 122.92, 122.52, 20.13, 20.01, 19.87.
 
 
148 
 
1-bromo-3,6,8-trimethylpyrene: To a solution of 1,3,6-trimethylpyrene (200 mg, 0.82 
mmol) in acetonitrile (100 mL) was added N-bromosuccinimide (146 mg, 0.82 mmol) 
and NH4NO3 (7 mg, 0.08 mmol). The mixture was stirred overnight at room temperature 
and thereafter filtered and washed with water (10 mL × 3) and methanol (10 mL × 2)  to 
yield the crude product which was used as such in the next step. Yield (235 mg, 88 %). 
mp > 400 C, 1H NMR (300 MHz, CDCl3, δ) 8.36 (d, J
 = 9.5 Hz, 1H), 8.25 (m, 3H), 8.15 
(d, J = 9.5 Hz, 1H), 8.11 (s, 1H), 7.77 (s, 1H), 2.95 (s, 6H), 2.94 (s, 3H); 13C NMR (75 
MHz, CDCl3, δ) 132.80, 132.62, 132.53, 131.84, 130.92, 129.13, 128.45, 128.05, 127.96, 
126.65, 124.95, 124.56, 123.97, 122.66, 122.38, 119.40, 20.05, 20.03, 19.88.  
1,3,6-trimethyl-8-isopropenylpyrene: To a suspension of 1-bromo-3,6,8-
trimethylpyrene (220 mg, 0.67 mmol) in dioxane (30 mL), was added isopropenylboronic 
acid (86 mg, 1.0 mmol), K2CO3 (2M in water, 10 ml) and Pd(PPh3)4 (50 mg), and the 
flask was repeatedly degassed by evacuation and purging with argon. The mixture was 
refluxed under argon atmosphere and complete exclusion of light for 16 hours after 
which it was quenched with the addition of water. The organic layer was extracted with 
dichloromethane, washed consecutively with water and brine before being dried over 
MgSO4 and concentrated. After column chromatography (silica gel/hexanes), the product 
was recrystallized using dichloromethane-methanol (2:1) to get pure product. Yield (182 
mg, 94 %). mp 152-154 C, 1H NMR (400 MHz, CDCl3, δ) 8.25 (d, J
 
= 9.4 Hz, 1H), 8.20 
(m, 2H), 8.12 (d, J
 
= 9.4 Hz, 1H), 7.72 (s, 1H), 7.71 (s, 1H), 5.55 (m, 1H), 5.16 (m, 1H), 
2.96 (s, 3H), 2.95 (s, 3H), 2.93 (s, 3H), 2.34 (m, 3H) ; 
13
C NMR (100 MHz, CDCl3, δ) 
145.44, 139.21, 131.60, 131.54, 131.35, 130.31, 128.64, 128.04, 128.02, 127.50, 126.57, 
125.77, 125.71, 124.13, 123.35, 122.72, 122.48, 116.76, 25.90, 20.15, 20.01. 
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1,3,6-trimethyl-8-isopropylpyrene (3m1ip): In a  mixture of ethyl acetate and ethanol 
(4:1) (100 mL), was added 1,3,6-trimethyl-8-isopropenylpyrene (170 mg, 0.60 mmol). To 
this, 10 % Pd  on charcoal (100 mg) was added and the suspension was subjected to a 
pressure of 2-3 bar hydrogen gas for 3 h. in a high pressure bottle after which an aliquot 
showed complete alkene reduction as adjudged by 
1
H NMR. The mixture was then 
passed through a pad of silica gel and washed with dichloromethane. The solvent was 
then removed in vacuo and the crude compound was crystallized with dichloromethane-
methanol (4:1) to afford 3m1ip. Yield (168 mg, 98 %). mp 184-186 C,
 1
H NMR (300 
MHz, CDCl
3
, δ) 8.32 (d, J
 
= 9.6 Hz, 1H), 8.17 (m, 3H), 7.83 (s, 1H), 7.71 (s, 1H), 4.07 
(septet, J
 
= 6.9 Hz, 1H), 2.99 (s, 3H), 2.94 (s, 6H), 1.54 (d, J
 
= 6.9 Hz, 6H); 
13
C NMR 
(100 MHz, CDCl
3
, δ) 141.91, 131.75, 131.40, 131.26, 130.14, 128.11, 127.89, 127.79, 
126.74, 125.96, 125.87, 124.87, 122.78, 122.69, 122.62, 121.77, 29.04, 24.28, 20.48, 
20.06, 19.99. 
1,3,6-triisopropenylpyrene: To a suspension of 1,3,6-tribromopyrene (580 mg, 1.32 
mmol) in dioxane (30 mL), was added isopropenylboronic acid (354 mg, 4.12 mmol), 
K2CO3 (2M in water, 10 ml) and Pd(PPh3)4 (70 mg), and the flask was repeatedly 
degassed by evacuation and purging with argon. The mixture was refluxed under argon 
atmosphere and complete exclusion of light for 16 hours after which it was quenched 
with the addition of water. The organic layer was extracted with dichloromethane, 
washed consecutively with water and brine before being dried over MgSO4 and 
concentrated. As adjudged by 
1
H NMR, 92 % of product was formed. After column 
chromatography (silica gel/hexanes), crude compound was recrystallized using 
dichloromethane-methanol (2:1) to get 315 mg of the pure product. Isolated Yield (74 
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%). mp 124-126 C. 
1
H NMR (400 MHz, CDCl
3
, δ) 8.36 (m, 2H), 8.33 (d, J
 
= 9.2 Hz, 
1H), 8.13 (d, J
 
= 7.8 Hz, 1H), 8.05 (d, J
 
= 9.2 Hz, 1H), 7.88 (d, J
 
= 7.8 Hz, 1H), 7.79 (s, 
1H), 5.61 (m, 3H), 5.26 (m, 2H), 5.24 (m, 1H), 2.41 (m, 6H), 2.39 (m, 3H); 
13
C NMR 
(100 MHz, CDCl
3
, δ) 145.20, 145.15, 145.05, 139.76, 139.48, 139.31, 130.55, 128.02, 
127.34, 127.06, 126.91, 125.75, 125.71, 125.67, 125.07, 125.05, 124.97, 124.82, 124.54, 
117.12, 117.11, 117.01, 25.90, 20.15, 20.01. 
1,3,6-triisopropylpyrene: In a mixture of ethyl acetate and ethanol (4:1) (100 mL), was 
added 1,3,6-triisopropenylpyrene (305 mg, 0.95 mmol). To this, 10 % Pd  on charcoal 
(100 mg) was added and the suspension was subjected to a pressure of 2-3 bar hydrogen 
gas for 3 h. in a high pressure bottle after which an aliquot showed complete alkene 
reduction as adjudged by 
1
H NMR. The mixture was then passed through a pad of silica 
gel and washed with dichloromethane. The solvent was then removed in vacuo and the 
crude compound was crystallized with dichloromethane-methanol (4:1) to afford 1m3ip. 
Yield (300 mg, 97 %). mp 174-176 C. 
1
H NMR (400 MHz, CDCl
3
, δ) 8.42 (d, J
 
= 9.8 
Hz, 1H), 8.37 (d, J
 
= 9.8 Hz, 1H), 8.31 (d, J
 
= 9.3 Hz, 1H), 8.13 (d, J
 
= 8.0 Hz, 1H), 8.01 
(d, J
 
= 9.3 Hz, 1H), 8.00 (s, 1H), 7.97 (d, J
 
= 8.0 Hz, 1H), 4.01 (m, 3H), 1.58 (s, 3H), 1.57 
(s, 3H), 1.56 (s, 6H), 1.55 (s, 3H), 1.54 (s, 3H); 
13
C NMR (100 MHz, CDCl
3
, δ) 142.38, 
142.17, 142.15, 129.69, 128.11, 126.74, 126.68, 126.24, 126.19, 126.01, 124.79, 122.76, 
122.50, 122.12, 121.91, 119.44, 29.44, 29.34, 29.18, 24.31, 24.25.   
1-bromo-3,6,8-triisopropylpyrene: To a suspension of 1,3,6-triisopropylpyrene (290 
mg, 0.90 mmol) in acetonitrile (100 mL) was added N-bromosuccinimide (160 mg, 0.90 
mmol) and NH4NO3 (7 mg, 0.08 mmol). The mixture was stirred overnight at room 
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temperature and thereafter filtered and washed with water (10 mL × 3) and methanol (10 
mL × 2) to yield the crude product which was used as such in the next step. Yield (320 
mg, 89 %). mp 218-220 C. 
1
H NMR (400 MHz, CDCl
3
, δ) 8.42 (m, 3H), 8.31 (d, J
 
= 9.7 
Hz, 1H), 8.20 (s, 1H), 8.03 (s, 1H), 4.09 (m, 3H), 1.55 (m, 18H); 
13
C NMR (100 MHz, 
CDCl
3
, δ) 143.10, 143.07, 143.02, 128.10, 127.81, 127.64, 127.06, 126.55, 126.29, 
125.62, 125.12, 123.76, 123.06, 121.73, 120.16, 120.15, 29.49, 29.45, 29.18, 24.31, 
24.30, 24.09.  
1-methyl-3,6,8-triisopropylpyrene (1m3ip): To a solution of 1-bromo-3,6,8-
triisopropylpyrene (310 mg, 0.76 mmol) in THF (50 mL) under Argon, was added XPhos 
(15 mg, 0.03 mmol), Pd2(dba)3 (15 mg, 0.015 mmol) and DABAL-Me3 (156 mg, 0.61 
mmol). The flask was covered with aluminum foil and the solution was refluxed for 6 
hours. The flask was then cooled to room temperature and the contents were poured 
slowly upon 5 % HCl solution (50 mL). The organic layer was extracted using 
dichloromethane. The organic layer was dried over anhydrous MgSO4 and removed in 
vacuo.  Column chromatography (silica gel/hexanes) afforded 1m3ip as colorless shiny 
solid. Yield (247 mg, 95 %). mp 198-200 C, 
1
H NMR (300 MHz, CDCl
3
, δ) 8.34 (m, 
3H), 8.19 (d, J
 
= 9.6 Hz, 1H), 7.98 (s, 1H), 7.83 (s, 1H), 4.10 (m, 3H), 2.99 (s, 1H), 1.55 
(m, 18H); 
13
C NMR (75 MHz, CDCl
3
, δ) 142.06, 141.92, 141.64, 131.45, 127.71, 126.67, 
126.55, 126.51, 126.37, 126.33, 124.75, 122.75, 121.92, 121.85, 121.75, 119.33, 29.41, 
29.38, 29.02, 24.31, 24.29, 24.27, 20.50.  
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PPM   7.0     6.0     5.0     4.0     3.0     2.0   
1
H and 
13
C spectra of the Synthesized Compounds: 
 
1
H NMR of 1,3,6,8-tetraethylpyrene (4e) 
 
 
 
 
13
C NMR of 1,3,6,8-tetraethylpyrene (4e) 
 
 
1
H NMR of 2,7-di-tert-butylpyrene (4tb) 
 
  
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM  8.0     7.0     6.0     5.0     4.0     3.0     2.0   
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13
C NMR of 2,7-di-tert-butylpyrene (4tb) 
 
1
H NMR of 4,6,12,14-tetramethyl-bis(methylthio)[2.2]metacyclophane 
 
 
1
H NMR of 4,6,12,14-tetramethyl[2.2]metacyclophane 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   6.0     5.0     4.0     3.0     2.0   
PPM   6.0     5.0     4.0     3.0     2.0   
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13
C NMR of 4,6,12,14-tetramethyl[2.2]metacyclophane 
 
1
H NMR of 1,3,6,8-tetramethylpyrene (4m) 
 
 
13
C NMR of 1,3,6,8-tetramethylpyrene (4m) 
 
 
  
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM   7.0     6.0     5.0     4.0     3.0   
PPM   110.0    90.0     70.0     50.0     30.0   
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1
H NMR of the mixture of 1,6-dibromopyrene and 1,8-dibromopyrene 
 
1
H NMR of 1,6-dibromopyrene  
 
 
 
13
C NMR of 1,6-dibromopyrene 
 
 
 
Br
Br
Br
Br
PPM   8.50     8.40     8.30     8.20     8.10     8.00   
Br
Br
PPM   8.55     8.45     8.35     8.25     8.15     8.05     7.95   
PPM   130.0    128.0    126.0    124.0    122.0    120.0  
Br
Br
156 
 
1
H NMR of 1,6-dimethylpyrene 
 
13
C NMR of 1,6-dimethylpyrene 
 
 
 
1
H NMR of 1,6-dibromo-3,8-dimethylpyrene 
 
 
 
PPM  8.0     7.0     6.0     5.0     4.0     3.0   
PPM   110.0    90.0     70.0     50.0     30.0   
PPM   8.0     7.0     6.0     5.0     4.0     3.0   
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1
H NMR of 1,6-dimethyl-3,8-diisopropenylpyrene 
 
13
C NMR of 1,6-dimethyl-3,8-diisopropenylpyrene 
 
 
1
H NMR of 1,6-dimethyl-3,8-diisopropylpyrene (trans-2m2ip) 
 
 
  
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   PPM   8.0    7.0  6.0   5.0     4.0    3.0    2.0  PPM   8.0     7.0     6.0     5.0     4.0    3.0    2.0  
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
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13
C NMR of 1,6-dimethyl-3,8-diisopropylpyrene (trans-2m2ip) 
 
1
H NMR of 1,8-dibromopyrene  
 
13
C NMR of 1,8-dibromopyrene 
 
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM   8.50     8.40     8.30     8.20     8.10     8.00     7.90   
Br
Br
PPM   130.0    128.0    126.0    124.0    122.0    120.0  
Br
Br
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1
H NMR of 1,8-dimethylpyrene 
 
 
13
C NMR of 1,8-dimethylpyrene 
 
1
H NMR of 1,8-dibromo-3,6-diisopropenylpyrene  
 
  
PPM   8.0     7.0     6.0     5.0     4.0     3.0   
PPM   110.0    90.0     70.0     50.0     30.0   
PPM   8.0     7.0     6.0     5.0     4.0     3.0   
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1
H NMR of 1,8-dimethyl-3,6-diisopropenylpyrene  
 
 
13
C NMR of 1,8-dimethyl-3,6-diisopropenylpyrene  
PPM  8.0     7.0     6.0     5.0     4.0     3.0     2.0   
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   PPM   130.0    110.0   90.0     70.0    50.0    30.0  PPM   130.0    110.0    90.0     70.0     50.0     30.0   PPM 130.0   110.0   9 .0     7 .0   50.0     30.0   
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1
H NMR of 1,8-dimethyl-3,6-diisopropylpyrene (cis-2m2ip) 
 
 
13
C NMR of 1,8-dimethyl-3,6-diisopropylpyrene (cis-2m2ip) 
 
 
1
H NMR of 1,3,6-tribromopyrene 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM   8.55     8.45     8.35     8.25     8.15     8.05   PPM   8.55     8.45     8.35     8.25     8.15     8.05   
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1
H NMR of 1,3,6-trimethylpyrene 
 
 
 
 
 
13
C NMR of 1,3,6-trimethylpyrene 
 
 
PPM   7.0     6.0     5.0     4.0     3.0   
PPM   110.0    90.0     70.0     50.0     30.0   
PPM   130.0    128.0    126.0    124.0    122.0  
PPM   110.0   90.0   70.0     50.0     30.0   
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1
H NMR of 1-bromo-3,6,8-trimethylpyrene 
 
 
 
 
13
C NMR of 1-bromo-3,6,8-trimethylpyrene 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0   
Br
PPM   110.0    90.0     70.0     50.0     30.0   
PPM   131.0    129.0    127.0    125.0    123.0    121.0    119.0  
Br
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1
H NMR of 1,3,6-trimethyl-8-isopropenylpyrene  
 
 
 
 
 
13
H NMR of 1,3,6-trimethyl-8-isopropenylpyrene  
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM  144.0    140.0    136.0    132.0    128.0    124.0    120.0  
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1
H NMR of 1,3,6-trimethyl-8-isopropylpyrene (3m1ip) 
 
 
 
13
C NMR of 1,3,6-trimethyl-8-isopropylpyrene (3m1ip) 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM   140.0    136.0    132.0    128.0    124.0  
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1
H NMR of 1,3,6-triisopropenylpyrene 
 
 
 
 
13
C NMR of 1,3,6-triisopropenylpyrene 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  144.0    140.0    136.0    132.0    128.0    124.0    120.0    116.0  
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1
H NMR of 1,3,6-triisopropylpyrene 
 
 
 
13
C NMR of 1,3,6-triisopropylpyrene 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
PPM   120.0    100.0    80.0     60.0     40.0   
PPM   140.0    136.0    132.0    128.0    124.0    120.0  
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1
H NMR of 1-bromo-3,6,8-triisopropylpyrene  
 
 
 
13
C NMR of 1-bromo-3,6,8-triisopropylpyrene 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
Br
PPM   120.0    100.0    80.0     60.0     40.0   
PPM   140.0    136.0    132.0    128.0    124.0    120.0  
Br
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1
H NMR of 1-methyl-3,6,8-triisopropylpyrene (1m3ip) 
 
 
 
13
C NMR of 1-methyl-3,6,8-triisopropylpyrene (1m3ip) 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0   
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM  140.0    136.0    132.0    128.0    124.0    120.0  
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Preparation of (alkylpyrenes)n
+●
 SbCl6
¯
 single crystals using MA
+●
SbCl6¯ / 
Nap
+●
SbCl6¯ 
 To a 5 mL (~ 4 mM) solution of MA
+●
SbCl6¯ in anhydrous dichloromethane 
taken in a Schlenk tube kept under argon atmosphere, was added a solution of 
alkylpyrene in anhydrous dichloromethane 2.5 ml (~ 20 mM). [In case of 4m, a 5mL (4 
mM) solution was used due to solubility issues.] The solution immediately took on a 
blue-green coloration and the solution was stirred for 2-3 min to yield a greenish-blue 
solution of cation radical [(alkylpyrene)
+●
SbCl6
¯
]. The solution was carefully layered 
with dry toluene (10 mL) and placed in a refrigerator (-30 
o
C) which after 1-2 days 
afforded dark-blue crystals of (alkylpyrenes)n
+●
 SbCl6
¯
 suitable for X-ray structure 
analysis. A similar procedure was used for the preparation of (2tb)2
+●
 SbCl6
¯ 
single 
crystal using Nap
+●
SbCl6¯. 
 
Preparation of 4ip
+●
 SbCl6
-
 single crystals using NO
+
SbCl6¯  
 A 50 mL flask fitted with a Schlenk adaptor was charged with nitrosonium 
hexachloroantimonate (44 mg, 0.12 mmol), and a cold solution of 1,3,6,8-
tetraisopropylpyrene 4ip (45 mg, 0.12 mmol) in anhydrous dichloromethane (20 mL) was 
added under an argon atmosphere at -10 
o
C. The solution immediately took on a dark-
green coloration and the solution was stirred (while slowly bubbling argon through the 
solution to entrain gaseous NO) for 30 min to yield a greenish-blue solution of cation 
radical [4ip
+•
 SbCl6
-
]. The solution was carefully layered with dry toluene (30 mL) and 
placed in a refrigerator (-30 
o
C) which after 2 days, produced greenish-blue needle 
shaped crystals of the cation radical suitable for X-ray structure analysis. 
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Table S1: Crystal data and structure refinement for 4m. 
 
 
Identification code  raj11t 
Empirical formula  C20 H18 
Formula weight  258.34 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P 21/c 
Unit cell dimensions a = 11.1990(2) Å = 90°. 
 b = 5.56570(10) Å = 108.9110(10)°. 
 c = 11.2466(2) Å  = 90°. 
Volume 663.17(2) Å3 
Z 2 
Density (calculated) 1.294 Mg/m3 
Absorption coefficient 0.546 mm-1 
F(000) 276 
Crystal size 0.40 x 0.21 x 0.09 mm3 
Theta range for data collection 4.17 to 67.62°. 
Index ranges -13≤h≤12, 0≤k≤6, 0≤l≤13 
Reflections collected 5772 
Independent reflections 1141 [R(int) = 0.0171] 
Completeness to theta = 67.62° 98.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9525 and 0.8112 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 1141 / 0 / 127 
Goodness-of-fit on F2 1.003 
Final R indices [I>2sigma(I)] R1 = 0.0351, wR2 = 0.1010 
R indices (all data) R1 = 0.0396, wR2 = 0.1049 
Largest diff. peak and hole 0.142 and -0.169 e.Å-3  
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Table S2: Crystal data and structure refinement for cis-2m2ip.  
 
 
 
Identification code  raj19c  
Empirical formula  C24H26  
Formula weight  314.45  
Temperature / K  100  
Crystal system  Triclinic  
Space group  P-1  
a / Å, b / Å, c / Å  12.5682(7), 12.6308(6), 13.5741(7)  
α/°, β/°, γ/°  98.275(4), 100.782(4), 116.650(5)  
Volume / Å3  1827.11(16)  
Z  4  
ρcalc / mg mm
-3
  1.143  
μ / mm-1  0.476  
F(000)  680  
Crystal size / mm3  0.25 × 0.22 × 0.05  
Theta range for data collection  3.43 to 70.87°  
Index ranges  -15 ≤ h ≤ 15, -15 ≤ k ≤ 12, -14 ≤ l ≤ 16  
Reflections collected  16579  
Independent reflections  6807[R(int) = 0.0307]  
Data/restraints/parameters  6807/6/463  
Goodness-of-fit on F
2
  1.046  
Final R indexes [I>2σ (I)]  R1 = 0.0557, wR2 = 0.1562  
Final R indexes [all data]  R1 = 0.0729, wR2 = 0.1720  
Largest diff. peak/hole / e Å-3  0.316/-0.378  
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Table S3: Crystal data and structure refinement for trans-2m2ip.  
 
 
 
Identification code  raj19f  
Empirical formula  C24H26  
Formula weight  314.45  
Temperature / K  100.0  
Crystal system  Monoclinic  
Space group  P21/c  
a / Å, b / Å, c / Å  8.5071(2), 8.7910(2), 22.9972(8)  
α/°, β/°, γ/°  90.00, 90.646(3), 90.00  
Volume / Å3  1719.75(9)  
Z  4  
ρcalc / mg mm
-3
  1.214  
μ / mm-1  0.506  
F(000)  680  
Crystal size / mm3  0.23 × 0.15 × 0.03  
Theta range for data collection  3.84 to 71.02°  
Index ranges  -10 ≤ h ≤ 10, -10 ≤ k ≤ 10, -28 ≤ l ≤ 23  
Reflections collected  17943  
Independent reflections  3280[R(int) = 0.0493]  
Data/restraints/parameters  3280/86/302  
Goodness-of-fit on F
2
  1.036  
Final R indexes [I>2σ (I)]  R1 = 0.0556, wR2 = 0.1645  
Final R indexes [all data]  R1 = 0.0728, wR2 = 0.1786  
Largest diff. peak/hole / e Å-3  0.259/-0.299  
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Table S4: Crystal data and structure refinement for 4e. 
 
 
 
Identification code  raj10p 
Empirical formula  C24 H26 
Formula weight  314.45 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P 21/c 
Unit cell dimensions a = 11.3184(4) Å = 90°. 
 b = 8.7985(3) Å = 104.419(2)°. 
 c = 8.9512(3) Å  = 90°. 
Volume 863.33(5) Å3 
Z 2 
Density (calculated) 1.210 Mg/m3 
Absorption coefficient 0.504 mm-1 
F(000) 340 
Crystal size 0.40 x 0.40 x 0.02 mm3 
Theta range for data collection 4.03 to 67.24°. 
Index ranges -12≤h≤12, 0≤k≤10, 0≤l≤10 
Reflections collected 7149 
Independent reflections 1499 [R(int) = 0.0232] 
Completeness to theta = 67.24° 97.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9900 and 0.8239 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 1499 / 0 / 162 
Goodness-of-fit on F2 1.055 
Final R indices [I>2sigma(I)] R1 = 0.0345, wR2 = 0.0926 
R indices (all data) R1 = 0.0398, wR2 = 0.0959 
Extinction coefficient 0.0022(7) 
Largest diff. peak and hole 0.168 and -0.129 e.Å-3 
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Table S5: Crystal data and structure refinement for 2tb. 
 
 
 
 
 
Identification code  raj8x 
Empirical formula  C24 H26 
Formula weight  314.45 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions a = 6.07550(10) Å = 109.3870(10)°. 
 b = 8.91480(10) Å = 97.7240(10)°. 
 c = 9.1642(2) Å  = 108.0720(10)°. 
Volume 429.231(13) Å3 
Z 1 
Density (calculated) 1.216 Mg/m3 
Absorption coefficient 0.507 mm-1 
F(000) 170 
Crystal size 0.45 x 0.17 x 0.14 mm3 
Theta range for data collection 5.31 to 67.03°. 
Index ranges -7≤h≤6, -10≤k≤9, 0≤l≤10 
Reflections collected 3587 
Independent reflections 1411 [R(int) = 0.0148] 
Completeness to theta = 67.03° 98.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9325 and 0.8041 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 1411 / 0 / 162 
Goodness-of-fit on F2 1.087 
Final R indices [I>2sigma(I)] R1 = 0.0328, wR2 = 0.0874 
R indices (all data) R1 = 0.0347, wR2 = 0.0891 
Extinction coefficient 0.032(3) 
Largest diff. peak and hole 0.208 and -0.162 e.Å-3 
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Table S6: Crystal data and structure refinement for 4m radical cation. 
 
 
Identification code  raj18w  
Empirical formula  C41H38Cl8Sb  
Formula weight  936.06  
Temperature / K  100  
Crystal system  Monoclinic  
Space group  Pn  
a / Å, b / Å, c / Å  6.79166(8), 19.61066(19), 14.66804(13)  
α/°, β/°, γ/°  90.00, 92.2503(9), 90.00  
Volume / Å3  1952.11(4)  
Z  2  
ρcalc / mg mm
-3
  1.593  
μ / mm-1  10.873  
F(000)  942  
Crystal size / mm3  0.32 × 0.32 × 0.08  
Theta range for data collection  3.77 to 70.95°  
Index ranges  -8 ≤ h ≤ 7, -23 ≤ k ≤ 23, -17 ≤ l ≤ 17  
Reflections collected  18147  
Independent reflections  6640[R(int) = 0.0450]  
Data/restraints/parameters  6640/26/299  
Goodness-of-fit on F
2
  1.059  
Final R indexes [I>2σ (I)]  R1 = 0.0616, wR2 = 0.1646  
Final R indexes [all data]  R1 = 0.0672, wR2 = 0.1711  
Largest diff. peak/hole / e Å-3  3.205/-0.687  
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Table S7: Crystal data and structure refinement for 4m radical cation (second 
modification). 
 
Identification code  raj18u  
Empirical formula  C40H36Cl6Sb  
Formula weight  851.14  
Temperature / K  100  
Crystal system  Monoclinic  
Space group  P21/n  
a / Å, b / Å, c / Å  15.46033(10), 13.44926(6), 16.75355(8)  
α/°, β/°, γ/°  90.00, 96.5348(5), 90.00  
Volume / Å3  3460.93(3)  
Z  4  
ρcalc / mg mm
-3
  1.633  
μ / mm-1  10.813  
F(000)  1716  
Crystal size / mm3  0.08 × 0.06 × 0.03  
Theta range for data collection  3.69 to 70.81°  
Index ranges  -18 ≤ h ≤ 16, -16 ≤ k ≤ 16, -20 ≤ l ≤ 20  
Reflections collected  31652  
Independent reflections  6580[R(int) = 0.0240]  
Data/restraints/parameters  6580/0/432  
Goodness-of-fit on F
2
  1.023  
Final R indexes [I>2σ (I)]  R1 = 0.0197, wR2 = 0.0534  
Final R indexes [all data]  R1 = 0.0216, wR2 = 0.0542  
Largest diff. peak/hole / e Å-3  0.863/-0.428  
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Table S8: Crystal data and structure refinement for 3m1ip radical cation. 
 
 
 
Identification code  raj19o  
Empirical formula  C92H96Cl26Sb3  
Formula weight  2488.64  
Temperature / K  100.0  
Crystal system  monoclinic  
Space group  C2/c  
a / Å, b / Å, c / Å  24.5723(3), 14.66542(14), 27.4207(3)  
α/°, β/°, γ/°  90.00, 94.1812(10), 90.00  
Volume / Å3  9855.08(18)  
Z  4  
ρcalc / mg mm
-3
  1.677  
μ / mm-1  13.316  
F(000)  4972  
Crystal size / mm3  0.181 × 0.1064 × 0.0365  
Theta range for data collection  3.51 to 70.70°  
Index ranges  -29 ≤ h ≤ 29, -17 ≤ k ≤ 17, -32 ≤ l ≤ 33  
Reflections collected  34287  
Independent reflections  9287[R(int) = 0.0266]  
Data/restraints/parameters  9287/6/576  
Goodness-of-fit on F
2
  1.035  
Final R indexes [I>2σ (I)]  R1 = 0.0233, wR2 = 0.0566  
Final R indexes [all data]  R1 = 0.0266, wR2 = 0.0577  
Largest diff. peak/hole / e Å-3  0.502/-0.485  
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Table S9: Crystal data and structure refinement for trans-2m2ip radical 
cation. 
 
 
 
Identification code  raj19j5  
Empirical formula  C73.94972H81.89944Cl15.89944Sb2  
Formula weight  1777.83  
Temperature / K  100.0  
Crystal system  N  
Space group  C2/c  
a / Å, b / Å, c / Å  30.527(3), 14.9420(3), 24.142(2)  
α/°, β/°, γ/°  90.00, 137.673(17), 90.00  
Volume / Å3  7415.0(9)  
Z  4  
ρcalc / mg mm
-3
  1.593  
μ / mm-1  1.344  
F(000)  3592  
Crystal size / mm3  0.5105 × 0.1514 × 0.0885  
Theta range for data collection  3.27 to 29.59°  
Index ranges  -42 ≤ h ≤ 41, -20 ≤ k ≤ 20, -32 ≤ l ≤ 31  
Reflections collected  88703  
Independent reflections  88703[R(int) = 0.0000]  
Data/restraints/parameters  88703/9/441  
Goodness-of-fit on F
2
  1.030  
Final R indexes [I>2σ (I)]  R1 = 0.0577, wR2 = 0.1624  
Final R indexes [all data]  R1 = 0.0702, wR2 = 0.1783  
Largest diff. peak/hole / e Å-3  1.524/-1.205  
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Table S10: Crystal data and structure refinement for 2tb
 
radical cation. 
 
 
Identification code  raj10ra 
Empirical formula  C49.38 H54.75 Cl8.75 Sb 
Formula weight  1080.18 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Orthorhombic 
Space group  P c c n 
Unit cell dimensions a = 17.2073(3) Å = 90°. 
 b = 21.5630(4) Å = 90°. 
 c = 26.8170(6) Å  = 90°. 
Volume 9950.2(3) Å3 
Z 8 
Density (calculated) 1.442 Mg/m3 
Absorption coefficient 8.971 mm-1 
F(000) 4406 
Crystal size 0.26 x 0.10 x 0.08 mm3 
Theta range for data collection 3.29 to 68.29°. 
Index ranges 0≤h≤20, 0≤k≤25, 0≤l≤31 
Reflections collected 84367 
Independent reflections 8938 [R(int) = 0.0505] 
Completeness to theta = 68.29° 98.9 %  
Absorption correction Numerical 
Max. and min. transmission 0.5339 and 0.2038 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8938 / 52 / 634 
Goodness-of-fit on F2 1.020 
Final R indices [I>2sigma(I)] R1 = 0.0497, wR2 = 0.1220 
R indices (all data) R1 = 0.0672, wR2 = 0.1312 
Largest diff. peak and hole 0.921 and -0.399 e.Å-3 
CHAPTER 3 
 
 
 
Synthesis and study of electronic effect of the substituents on 
the aryl groups of 1,3,6,8-tetraarylpyrenes and their cation 
radicals 
 
 
 
 
 
Abstract: A straightforward synthesis of 1,3,6,8-tetraarylpyrenes has been described. The 
electronic effect of the substituents on the aryl groups of the pyrene core is well pronounced 
in the optoelectronic properties of neutral compounds as well as that of the respective cation 
radicals thereby indicating strong coupling between the aryl groups with the pyrene core. The 
presence of aryl groups at 1,3,6,8-positions completely inhibit the -stacking of pyrene core 
in solution. X-ray crystal structure of the cation radical salt of 1 shows that the phenyl groups 
of a neutral pyrene unit are still able to form extended trimeric - stacks with the two cationic 
pyrene cores above and below, while the dendritic pentaphenyl groups in 7 are able to 
completely prevent the stacking of pyrene core.  
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INTRODUCTION 
 
  Monodisperse, small, -conjugated organic molecules with high purity and 
solultion processabily are extensively investigated for their use as opto-electronic 
materials in modern photovoltaic devices.
1
 In this regard, 1,3,6,8-tetra aryl substituted 
pyrenes have shown tremendous potential owing to easy accessability from readily 
available starting materials, discotic shape and the easy extension of -electrons of 
the pyrene core to conjugated aryl groups that can allow modulation of the 
photoluminiscence properties of the parent pyrene.
2
 The large planar aromatic core of 
pyrene with attached aryl groups provides the viability of the attachment of various 
substitents that can also contain long, flexible alkyl chains which in turn can not only 
improve solubility, but also can influence the association between the molecules.  
This has allowed the exploration of tetraaryl pyrenes as liquid crystalline materials,
3 
piezochromic luminiscence materials
4
 and as luminiscent or hole transport materials 
for organic light emitting diode (OLED) and other organic photovoltaic based 
applications.
5
 In addition, 1,3,6,8-tetraaryl substituted dendrimeric structures of 
pyrene has also been extensively exploited for the study of core encapsulation by 
Müllen and coworkers.
6
 
 Facile bromination of Pyrene at 1,3,6,8-positions using bromine in 
nitrobenzene at high temperatures forms tetrabromopyrene
7
 that provides efficient 
synthetic route to prepare a variety of tetraaryl pyrenes in quantitative amounts.  
Thus, a large number of tetraaryl pyrenes have been prepared towards their 
exploration of the properties mentioned above.
3-6
 However, a systemetic study of the 
influence of electronic and steric effect of the substituents on the aryl groups of the 
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pyrene core was found missing. Hence, we decided to modulate the electronic 
influence on the pyrene core by varying the substituent on the four phenyl groups in 
1,3,6,8-tetraphenylpyrene –  a compound which is very well known for its efficient 
blue emission, high quantum yield and lack of aggregation in solution and solid 
state.
5e,f
 We therefore prepared a series of tetraaryl pyrenes with aryl groups ranging 
from parent phenyl to 4-methylphenyl, 4-methoxyphenyl and its analogue 4-
propoxyphenyl, 4-acetoxyphenyl, 2,5-dimethoxy-4-methyl and the dendrimeric 
pentaphenylphenyl. We herein report a survey of the optoelectronic properties of the 
neutral tetraaryl pyrenes as well as their cation radicals or hole carriers which are of 
fundamental importance to organic materials science,
9
 along with the isolation and X-
ray crystallographic characterization of the cation-radical salts of representative 
examples. The details of the findings are described herein. 
 
Figure 1. Structure of synthesized tetraaryl pyrenes. 
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RESULTS and DISCUSSION 
  
 Easy availability 1,3,6,8-tetrabromopyrene,
7
 from the bromination of Pyrene 
allowed us to synthesize tetraaryl pyrenes using 4-fold Suzuki coupling
8
 procedure. 
Thus, using readily-available phenyl boronic acid, 4-methylphenyl boronic acid, 4-
methoxyphenyl boronic acid and 2,5-dimethoxy-4-methylphenyl boronic acid, tetra 
aryl substituted pyrenes 1, 2, 3 and 6 were prepared in 89 %, 85 %, 77 % and 72 % 
yield respectively (scheme 1). 
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 For the synthesis of 1,3,6,8 tetrkis(4-propoxyphenyl)pyrene (4) and 1,3,6,8 
tetrkis(4-acetoxyphenyl)pyrene (5), demethylation of tetraanisyl pyrene (3) was done 
using BBr3 in dichloromethane followed by standard workup. The resulting 1,3,6,8 
tetrkis(4-hydroxyphenyl)pyrene (9) was then treated with potassium hydroxide 
followed by n-propyl iodide to give 4 in 42 % yield while the treatment of 9 with 
triethyl amine followed by acetyl chloride afforded 5 in 74 % yield (scheme 2). 
  
 
 
 The synthesis of dendritic 7 was done as per literature published procedure.
6
 
Thus, a four-fold Hagihara–Sonogashira cross-coupling of 8 with phenylacetylene 
gave 1,3,6,8-tetrakis(phenylethynyl)pyrene (10) which upon subsequent Diels–Alder 
reaction with tetraphenylcyclopentadienone yielded dendrimeric pyrene 7 (scheme 3).  
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 All synthesized compounds were thoroughly characterized using 
1
H and 
13
C 
NMR and the structure of the final compound was also verified by MALDI-TOF mass 
spectroscopy as well as single crystal X-ray diffraction (Figure 2). The final 
compounds exhibited good solubility in common organic solvents that allowed 
purification by column chromatography and subsequent characterization facile. The 
crystal structure of pyrenes 1 – 4 show that the aryl groups are twisted at by 43º – 56º 
with respect to the pyrene core. However, in solution the aryl groups in 1 – 5 undergo 
free rotation as exemplified in their NMR spectrum. In this regard, it is notable that 
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1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6) forms a number of 
rotamers due to restricted rotation of aryl groups that not only results in complex 
NMR spectrum (see experimental section), but also poses problem in solving the 
crystal structure. However, at a temperature of ~ 353 K the rotational barrier is 
overcome and the the NMR spectrum simplifies. In a similar manner, the dendritic 
pentaphenylphenyl groups restrict the free rotation of the aryl groups in 7, the NMR 
of which is resolved at 373K.
6
  
   
 
Figure 2. ORTEP diagram of synthesized tetraaryl pyrenes 1, 2, 3, 4 and 
7. Solvent molecules have been omitted for clarity. 
 
1 2 3
4
7
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 The absorption spectrum of tetra aryl pyrenes in dichloromethane recorded at 
room temperature exhibits two distinct bands – one in the UV region (292 – 317 nm) 
and the other in the visible region (383 – 408 nm). Thus, in comparison to the parent 
pyrene that shows abosroption maxima at ~337 nm, aryl pyrenes show a 
bathochromic shift of 60 – 85 nm in accordance with the extension of the conjugation 
from the pyrene to the aryl rings (table 1). For example the twin absorption bands in 
phenyl substitued 1 at λmax (log ε) = 297 nm (4.75), 384 nm (4.59) are red shifted in 4-
methylphenyl substituted 2 at λmax (log ε) = 301 nm (4.73), 389 nm (4.60) and further 
to λmax (log ε) = 305 nm (4.65), 392 nm (4.61) in 4-methoxyphenyl substituted 3. 
Substitution of aryl groups at 1,3,6,8-positions also leads to the disappearence of fine 
structure (figure 3) that is observed in the absorption spectra of parent pyrene. 
However, in case in 7, the restriction in free rotation posed by the steric bulk of 
dendritc pentaphenylphenyl groups result in featured bands at λmax (log ε) = 317 nm 
(4.84), 386 nm (4.71) and 408 nm (4.85). 
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Figure 3. UV-vis. absorption spectra of tetraaryl pyrenes recorded in 
dichloromethane at 22 ºC. 
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 The fluorescence spectrum of dilute aryl pyrenes (2  10 -5 M) in CH2Cl2 at 
22C shows a mirror image relationship between excitation and emission bands (for 
example 1; Figure 4), indicating that there is no significant change in molecular 
structure upon excitation.  
 
 
Figure 4. Normalized excitation (red dash) and emission (blue) spectra of 
2.0  10 
-5 
M solution of 1 recorded
 
in CH
2
Cl
2
 at 22 C. 
 
 As observed in absorption spectrum, the featured emission spectrum of parent 
pyrene and the tetraalkyl pyrenes is replaced by broad featureless emission spectrum 
(Figure 5) due to pronounced rotational freedom of the aryl rings. Expectedly, the 
restricted rotation of pentaphenylphenyl groups in 7 allows the retention of fine 
structure as noted in its absorption spectrum. The extension of conjugation caused by 
the aryl groups is also responsible for the bathochromic shift of the emission band in 
tetra aryl pyrenes (422 – 435 nm) when compared with parent pyrene (395 nm) and 
tetra alkyl pyrenes (~ 405 nm). The electronic effect of the attachment of electron 
releasing alkyl and alkoxy group to the phenyl rings is also evident as the emission 
band shows marginal red shift from 422 nm in phenyl substituted 1 to 426 nm in tolyl 
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substituted 2 and ~ 434 nm in alkoxy substituted 3 and 4. In case of 5, 6 and 7 the 
emission band is observed between 426 – 428 nm (table 1). Like the parent pyrene, 
the shape and position of emission spectrum was found to be invariant of the 
wavelength of excitation.  
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Figure 5. Emission spectra of tetraaryl pyrenes as 2 × 10-5 M 
dichloromethane solutions at 22 ºC. 
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 The redox properties of tetraaryl pyrenes was determined by electrochemical 
oxidation at a platinum electrode as 2 × 10
-3
 M solution in anhydrous dichloromethane 
containing 0.2 M tetra-n-butylammonium hexaflurophosphate (TBAH) as the supporting 
electrolyte. The electrochemical oxidations of 1-7 were completely reversible for the 
removal of the first electron at varying scan rates of 100 – 500 mV s-1. They all showed 
anodic/cathodic peak current ratios Ia/Ic = 1.0 (theoretical) at room temperature. The 
reversible oxidation potential corresponding to the removal of one electron and thereby 
formation of a monocation radical was calibrated with ferrocene as internal standard (Eox 
= 0.45 V vs. SCE)
10
 and was found to correlate directly with the electronic influence of 
the substituents on the aryl rings. Each cyclic voltammogram in Figure 6 shows the 
presence of two 1-e
-
 oxidation waves corresponding to the loss of one and two electrons 
respectively. As expected, an introduction of electron donating methyl in 2 or 
methoxy/propoxy substituents (3/4) lowers the first and the second oxidation potentials of 
2 and 3/4 when compared to 1 (see Table 1). Similarly, introduction of acetyl group in 5 
increases both the oxidation potentials, while the electroactive dimethoxymethyl 
substituents in 6 and pentaphenylphenyl groups in 7 again lower the Eox1 values when 
compared with 1. Furthermore, it was observed that the difference between the first and 
second oxidation potentials, i.e. the ∆Eox value decreased from 0.51 V in 1 to 0.45 V in 2 
due to the substitution of hydrogens with electron donating methyl substituents and 
further to 0.30 V in 3 and 4 due to electron donating alkoxy substituents. On the other 
hand, the substitution of acetyl groups in 5 results in ∆Eox value of 0.45 V.  
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Figure 6. Cyclic Voltammograms of 2 × 10
-3
 M 1-7 in CH2Cl2 containing 
0.2 M n-Bu4NPF4 at a scan rate of 100 mV s
-1 
at 22 °C. 
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 The introduction of electro-active 2,5-dimethoxy-4-methyl groups in 6 not only 
lowers the ∆Eox value between first and second oxidation potential to 0.33 V, a third 
oxidation wave is also observed at 1.65 V (Figure 7). Interestingly, the 
pentaphenylphenyl groups in 7 only lower the first oxidation potential to Eox1 = 0.95 V 
whereas, the second oxidation potential is observed at Eox2 = 1.56 V resulting in ∆Eox 
value to 0.61 V.  
 
Figure 7. Cyclic Voltammograms of 2 × 10
-3
 M of 6 in CH2Cl2 containing 
0.2 M n-Bu4NPF4 at a scan rate of 100 mV s
-1 
at 22 °C. 
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NAP
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For example, the cation radical 1
+
 SbCl6
¯
 of tetraphenylpyrene 1 (Eox1 = 1.12 V) 
was generated by a careful redox titration using the hindered NAP
+
 SbCl6
¯
 in anhydrous 
dichloromethane. Figure 8 shows the spectral changes attendant upon an incremental 
addition of sub-stoichiometric amounts of 1 to 3.51 × 10
-5
 M NAP
+
 SbCl6
¯
  [λmax (log ε) 
= 672 nm (3.97)] in dichloromethane at 22 C. Moreover, a plot of formation of 1+ (i.e. 
increase of absorbance at 569 nm) against the increments of added neutral 1, established 
that NAP
+ 
was completely consumed after addition of 1 equiv of 1 and the resulting 
absorption spectrum with absorption bands at 569 (log  = 4.52) and 804 nm (log  = 
4.10) remained unchanged upon further addition of neutral 1, i.e. eq 1.  
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Figure 8. Spectral changes observed upon the reduction of 3.51 × 10-5 M 
NAP
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 1 to its 
radical cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of 
the absorbance of 1
+●
 monitored at 569 nm against the equivalent of added 
neutral 1.  
 
 Using NAP
+
 SbCl6
¯
, a similar redox titration was performed to generate 
the cation radical of tetraacetoxyphenyl pyrene 5. Thus, figure 9 shows the spectral 
changes attendant upon an incremental addition of sub-stoichiometric amounts of 5 to 
3.22 × 10
-5
 M NAP
+
 SbCl6
¯
 in dichloromethane at 22 C. A plot of formation of 5+ (i.e. 
increase of absorbance at 582 nm) against the increments of added neutral 5, indicated 
that NAP
+ 
was completely consumed after addition of 1 equiv. of 5 and the resulting 
absorption spectrum with red shifted absorption bands (with respect to 1
+
) at 582 (log  
= 4.52) and 828 nm (log  = 4.12) remained unchanged upon further addition of neutral 5. 
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Figure 9. Spectral changes observed upon the reduction of 3.22 × 10-5 M 
NAP
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 5 to its 
radical cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of 
the absorbance of 5
+●
 monitored at 582 nm against the equivalent of added 
neutral 5.  
 
For 2, 3, 4, 6 and 7, where Eox1 value was well below the redox potential of MA
+ 
(Ered = 1.11 V vs SCE), the cation radical was generated by a redox titration using MA
+
 
SbCl6
¯
  in anhydrous dichloromethane using equation 2 as an example. 
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Thus, Figure 10 shows the spectral changes attendant upon an incremental 
addition of sub-stoichiometric amounts of 2 to 2.22 × 10
-5
 M MA
+
 SbCl6
¯
 [λmax (log ε) = 
518 nm (3.86)] in dichloromethane at 22 C. A plot of formation of 2+ (i.e. increase of 
absorbance at 591 nm) against the increments of added neutral 2, established that MA
+ 
was completely consumed after addition of 1 equiv of 2 and the resulting absorption 
spectrum with absorption bands at 591 nm (log  = 4.47) and 851 nm (log  = 4.12) 
remained unchanged upon further addition of neutral 2.  
 
 
Figure 10. Spectral changes observed upon the reduction of 2.22 × 10-5 M 
MA
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 2 to its radical 
cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of the 
absorbance of 2
+●
 monitored at 591 nm against the equivalent of added 
neutral 2.  
 
A comparison of the absorption bands of 1
+ 
with that of methyl substituted 2
+ 
shows a red shift of 22 nm in the higher energy band and that of 47 nm in the lower 
energy band. The bathochromic shift caused by the substituents on aryl groups is further 
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amplified in the absorption spectra of alkoxy substituted 3
+ 
and 4
+
. Hence, as seen 
figure 11, the absorption spectrum of 3
+ 
with absorption bands at 632 nm (log  = 4.59) 
and 944 nm (log  = 4.35); and 4+ with absorption bands at 636 nm (log  = 4.57) and 
958 nm (log  = 4.33) show a considerable shift in the twin absorption bands when 
compared with the absorption bands in tetrphenylpyrene cation radical 1
+
.  
 
Figure 11 A. Spectral changes observed upon the reduction of 2.93 × 10-5 
M MA
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 3 to its 
radical cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of 
the absorbance of 3
+●
 monitored at 632 nm against the equivalent of added 
neutral 3. B. Spectral changes observed upon the reduction of 3.12 × 10-5 
M MA
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 4 to its 
radical cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of 
the absorbance of 4
+●
 monitored at 636 nm against the equivalent of added 
neutral 4.  
 
 
 Interestingly, the electro-active dimethoxymethyl substituted 6, where the free 
rotation of aryl groups attached to the pyrene core is restricted at room temperature, 
shows an absorption spectrum with remarkable features. Thus, a plot for the formation of 
purple colored cation radical 6
+
 SbCl6
¯
, against the increments of added neutral 6, 
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established that MA
+ 
was completely consumed after addition of 1 equiv. of 6 and the 
resulting absorption spectrum remained unchanged upon further addition of neutral 1. As 
seen in figure 12, the absorption spectrum contains a band at 572 nm (log  = 4.43) – a 
region where other tetraaryl pyrenes exhibit similar feature. In contrast to the observation 
made in the cation radical of 1 – 5, a broad band starting from 800 nm and covering the 
NIR region up to 2500 nm is seen in the absorption spectrum of 6
+
. A comparison with 
the absorption spectra of the cation radical of a biaryl containing two of such elecroactive 
groups D – D+ (4’-dimethyl-2,5,2’,5’-tetramethoxy-1,1’-biphenyl; λmax = 580 nm, 2150 
nm)
13
 indicates that strong intramolecular electronic coupling between the aryl groups 
and the pyrene core is responsible for this intervalence absorption band.  
 
 
Figure 12. Spectral changes observed upon the reduction of 4.34 × 10-5 M 
MA
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 6 to its radical 
cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of the 
absorbance of 6
+●
 monitored at 572 nm against the equivalent of added 
neutral 6.  
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 Lastly, the cation radical 7
+
 SbCl6
¯
 of dendrimeric 7 was generated using 
the hindered MA
+
 SbCl6
¯
 in an analogous manner. Figure 13 shows the spectral changes 
attendant upon an incremental addition of sub-stoichiometric amounts of 7 to 5.54 × 10
-5
 
M MA
+ 
SbCl6
¯
 in dichloromethane at 22 C. Further, a plot for the formation of 7+ (i.e. 
increase of absorbance at 602 nm) against the increments of added neutral 7, shows that 
MA
+ 
was completely consumed after the addition of 1 equiv of 7 and the resulting 
absorption spectrum with the absorption bands at 602 (log  = 4.30) and a broad band at 
954 nm (log  = 3.85) remained unchanged upon further addition of neutral 7. 
 
Figure 13. Spectral changes observed upon the reduction of 5.54 × 10-5 M 
MA
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 7 to its radical 
cation (green line) in CH2Cl2 at 22 °C. Inset: A plot of increase of the 
absorbance of 7
+●
 monitored at 602 nm against the equivalent of added 
neutral 7.  
 
The blue/purple colored solution of the cation radical salts were highly persistent 
and did not show any decomposition at room temperature during the course of 12 hours. 
Moreover, a reduction of dichloromethane solution of the cation radical salts with zinc 
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dust regenerated neutral the neutral aryl pyrenes quantitatively. The high stability of the  
cation radicals in solution therefore prompted us to isolate their crystalline salt. Thus, a 5 
mM solution of 1 in anhydrous dichloromethane was added to an equimolar soution of  
NAP
+
 SbCl6
¯ 
at room temperature and the solution was layered with toluene. An 
excellent crop of black prismatic crystals, suitable for X-ray crystallographic studies, 
were obtained by a slow diffusion of toluene into the above solution of 1
•+
 during a 
period of 2 days at -30 °C.  
 
 
Figure 14. ORTEP diagram showing compact centrosymmetric triads of 
tertraphenylpyrene cation radical salt 1
•+
 SbCl6
¯
. Hydrogen atoms and the 
solvent molecules are omitted for clarity.
 
 
 
  The crystal structure of 1
•+
 SbCl6
¯ 
revealed that 1 crystallized as a 3:2 salt of 
tetraphenylpyrene 1: SbCl6
¯
. The oxidized pyrene moieties form compact 
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centrosymmetric triads (figure 14).  Among the triads, no overlap is observed between 
the pyrene chromophores. While the first and third pyrene cores are parallel. the 
central pyrene unit lies across and is flat with its phenyl groups making dihedral 
angles of 47° and 53°. The phenyl groups of this central pyrene unit hang over the 
pyrene units above and below and in turn result in significant bending (by ~ 12°) of 
the pyrene units above and below. The phenyl groups of the peripheral pyrenes are 
twisted by 48 - 60°.  
 Analysis of the bond length changes in the peripheral pyrene units and its 
comparison with the central unit as well as the neutral 1 suggest that the positive 
charges are localized over the peripheral (bent) units. Thus, in the peripheral pyrenes, 
the bonds labelled B and D (figure 15) where the HOMO resides show perceptible 
lengthening by ~ 2 pm while the bond C shows shortening by about the same amount. 
The central bond F, undergoes a shortening of ~ 2 pm in order to accommodate the 
changes in the bond lengths of various annulenic bonds (i.e. B, C, and D), while there 
is no noticeable change in the bonds marked A and E. These observations are 
consistent with the observation made in the analysis of bond length changes in the 
cation radical of tetraisopropylpyrene
14
 together with the comparison with its neutral 
form. 
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Figure 15. Left: Numbering scheme for the pyrene skeleton. Right: 
Showing the localization of the HOMO of 1, obtained by DFT calculations 
at B3LYP-631G** level. 
 
 Our attempts to crystallize the other tetraaryl pyrenes resulted in amorphous 
powders. However, we succeeded in crystallizing the crystalline salt of the cation 
radical of dendritic 7. A 5 mM solution of 7 in anhydrous 1,2-dichloroethane was 
added to an equimolar soution of  MA
+
 SbCl6
¯ 
at room temperature and the solution 
was layered with toluene. During a period of 2 days at -30 °C, black colored needles 
suitable for X-ray crystallographic studies were obtained. The crystal structure shows 
that 7 crystallizes as a 1:1 ion-radical salt with heavily disordered SbCl6 anion (Figure 
16). The cationic 7 moieties form chains along z-axis alternating with SbCl6 anions 
positioned in their clefts. The ionic chains are separated by numerous disordered 
solvent molecules. Thus, the dendrimeric pentaphenyl groups are able to completely 
able to isolated the pyrene chromophore from having any overlap with the 
neighboring units as seen in case of tetraphenyl pyrene cation radical crystal structure.  
A
BC
D
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Figure 16. ORTEP diagram showing compact centrosymmetric triads of 
tertraphenylpyrene cation radical salt 7
•+
 SbCl6
¯
. Hydrogen atoms and the 
solvent molecules are omitted for clarity.
 
 
 
 
Table 1. Optoelectronic properties of tetra aryl pyrenes 1-7. 
 
1 2 3 4 5 6 7
Eox
(V vs SCE)
V
1.12,
1.64
1.04,
1.49
0.96,
1.26
0.95,
1.25
1.16,
1.61
1.00,
1.31,
1.65
0.95,
1.56
max (log )
UV-vis
nm
297 (4.75), 
384 (4.59)
301 (4.73), 
389 (4.60)
305 (4.65), 
392 (4.61)
306 (4.62), 
393 (4.60)
299 (4.73), 
387 (4.59)
292 (4.65), 
383 (4.57)
317 (4.84), 
386 (4.71),
408 (4.85)
max
(emission)
nm 422 426 434 435 426 428 428
max (log ) 
CR+
nm
569 (4.52), 
804 (4.10)
591 (4.47), 
851 (4.12)
632 (4.59), 
944 (4.35)
636 (4.52), 
958 (4.33)
582 (4.52), 
828 (4.12)
572 (4.43), 
1520 (3.86)
602 (4.30), 
954 (3.85)
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  In summary, a series of 1,3,6,8-tetraarylpyrenes have been prepared using  
simple and practical synthesis from readily available precursors. The emission and 
absorption spectroscopy of the neutral and cationic 1-7 as well as their cyclic 
voltammograms clearly indicate that the aryl groups are in communication with the 
pyrene core. The presence of aryl groups at 1,3,6,8-positions completely inhibits the 
-stacking of pyrene core in solution, however, the isolation and X-ray crystal 
structure determination of 1
•+
 SbCl6¯ shows that the phenyl groups of a neutral pyrene 
unit are still able to form extended trimeric - stacks with two cationic pyrene cores.  
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Experimental 
 
General Experimental Methods and Materials: 
 All reactions were performed under argon atmosphere unless otherwise noted. All 
commercial reagents were used without further purification unless otherwise noted. 
Dichloromethane (Aldrich) was repeatedly stirred with fresh aliquots of concentrated 
sulfuric acid (~10 % by volume) until the acid layer remained colorless. After separation, 
it was washed successively with water, aqueous sodium bicarbonate, water, and aqueous 
sodium chloride and dried over anhydrous calcium chloride. The dichloromethane was 
distilled twice from P2O5 under an argon atmosphere and stored in a Schlenk flask 
equipped with a Teflon valve fitted with Viton O-rings. The hexanes and toluene were 
distilled from P2O5 under an argon atmosphere and then refluxed over calcium hydride 
(~12 h). After distillation from CaH2, the solvents were stored in Schlenk flasks under an 
argon atmosphere. Tetrahydrofuran (THF) was dried initially by distilling over lithium 
aluminum hydride under an argon atmosphere. The THF was further refluxed over 
metallic sodium in the presence of benzophenone until a persistent blue color was 
obtained and then it was distilled under an argon atmosphere and stored in a Schlenk 
flask equipped with a Teflon valve fitted with Viton O-rings. NMR spectra were recorded 
on Varian 300 and 400 MHz NMR spectrometers. MALDI-TOF MS spectra were 
obtained on a Bruker Daltonics microflex using Dithranol matrix. 
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Cyclic Voltammetry (CV) : 
 The CV cell was of an air-tight design with high vacuum Teflon valves and Viton 
O-ring seals to allow an inert atmosphere to be maintained without contamination by 
grease. The working electrode consisted of an adjustable platinum disk embedded in a 
glass seal to allow periodic polishing (with a fine emery cloth) without changing the 
surface area (~1 mm
2
) significantly. The reference SCE electrode (saturated calomel 
electrode) and its salt bridge were separated from the catholyte by a sintered glass frit. 
The counter electrode consisted of platinum gauze that was separated from the working 
electrode by ~3 mm. The CV measurements were carried out in a solution of 0.2 M 
supporting electrolyte (tetra-n-butylammonium hexafluorophosphate, TBAH) and 2 × 10-
3
 M substrate in dry dichloromethane under an argon atmosphere. All the cyclic 
voltammograms were recorded at a sweep rate of 100 mV sec
-1
, unless otherwise 
specified and were IR compensated. The oxidation potentials (E1/2) were referenced to 
SCE, which was calibrated with added (equimolar) ferrocene (E1/2 = 0.450 V vs. SCE). 
The E1/2 values were calculated by taking the average of anodic and cathodic peak 
potentials in the reversible cyclic voltammograms. 
 
General Procedure for the Spectral Titration of [MA
·+
 SbCl6
-
] with aryl Pyrenes  
 An orange-red solution of MA
·+
 SbCl6¯ in dichloromethane (3 mL, concentrations 
as specified in individual cases) was transferred to a 1-cm quartz cuvette at room 
temperature. A dichloromethane solution (2.0 × 10
-3
 M) of aryl pyrenes in was added to 
this solution. The UV-vis spectra and NIR spectra of the resulting solutions, after the 
addition of each increment, were recorded at 22 C  
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Procedure for the Spectral Titration of [Nap
·+
 SbCl6
-
] with aryl pyrenes  
  A deep blue solution of NAP
+
 SbCl6
¯
 in dichloromethane (3 mL, concentrations 
as specified in individual cases) was transferred in a 1-cm quartz cuvette at room 
temperature. A dichloromethane solution (2 × 10
-3
 M) of aryl pyrene was added to this 
solution. The UV-vis spectra and NIR spectra of the resulting solutions, after the addition 
of each increment, were recorded at 22 C. 
 
Synthesis of Compounds:  
1,3,6,8-Tetrabromopyrene (8): 1,3,6,8-Tetrabromopyrene was synthesized in 95% yield 
by reacting pyrene with bromine according to a literature published procedure (G. 
Venkataramana, S. Sankararaman, Eur. J. Org. Chem., 2005, 4162). 
 
General Procedure for the Suzuki Coupling: Compound 8 (0.52 g, 1 mmol), boronic 
acid (5 mmol), K2CO3 (2.8 g, 20 mmol) and Pd(PPh3)4 (185 mg) was added to 
dimethylformamide (20 mL) taken in a Schlenk flask. The flask was repeatedly degassed 
by evacuation and purging with argon. The mixture was heated at 160 C under argon 
atmosphere under complete exclusion of light for the time mentioned for individual cases 
after which it was quenched by adding water. The organic layer was extracted with 
dichloromethane, washed consecutively with water and brine before being dried over 
MgSO4. After having removed the solvent under reduced pressure, the crude product was 
purified by column chromatography (silica gel, hexane/ethyl acetate). 
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1,3,6,8-tetraphenylpyrene (1): Phenyl boronic acid (0.78 g, 5 mmol) was used and the 
reaction was carried out for 2 days. The crude product was then chromatographed over 
silica gel, using hexanes as eluent to afford 1 (0.45 g, 89%). mp 294-296 C, 1H NMR 
(400 MHz, CDCl3, δ) 8.18 (s, 4H), 8.02 (s, 2H), 7.67 (m, 8H), 7.54 (m, 8H), 7.46 (m, 
4H); 
13
C NMR (100 MHz, CDCl3, δ) 141.26, 137.44, 130.87, 129.76, 128.66, 128.31, 
127.51, 126.14, 125.53; MS : (MALDI) m/z 506.3 (M+). 
 
1,3,6,8-tetrakis(4-methylphenyl)pyrene (2): 4-methylphenylboronic acid (0.68 g, 5 
mmol) was used and the reaction was carried out for 2 days. The crude product was then 
chromatographed over silica gel, using hexanes as eluent to afford 2 (0.48 g, 85%). mp 
316-318 C, 1H NMR (400 MHz, CDCl3, δ) 8.18 (s, 4H), 7.99 (s, 2H), 7.57 (d, J = 7.6 
Hz, 8H), 7.35 (d, J = 7.6 Hz, 8H), 2.49 (s, 12H); 
13
C NMR (100 MHz, CDCl3, δ) 138.41, 
137.28, 137.15, 130.74, 129.78, 129.27, 128.21, 126.25, 125.40, 21.49; MS : (MALDI) 
m/z 562.3 (M+). 
 
1,3,6,8-tetrakis(4-methoxyphenyl)pyrene (3): 4-methoxyphenyl boronic acid (0.78 g, 5 
mmol) was used and the reaction was carried out for 2 days. The crude product was then 
chromatographed over silica gel, using hexanes/ethyl acetate as eluent to afford 3 (0.48 g, 
77%). mp 264-266 C, 1H NMR (400 MHz, CDCl3, δ) 8.17 (s, 4H), 7.97 (s, 2H), 7.60 (d, 
J = 8.2 Hz, 8H), 7.08 (d, J = 8.2 Hz, 8H), 3.92 (s, 12H); 
13
C NMR (100 MHz, CDCl3, δ) 
159.2, 136.9, 133.7, 131.91, 131.87, 129.8, 128.2, 126.3, 125.3, 114.0, 55.6; MS : 
(MALDI) m/z 626.3 (M+). 
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1,3,6,8-tetrakis(4-n-hydroxyphenyl)pyrene (9): Compound 3 (1.125 g, 2 mmol) was 
dissolved in dichloromethane (100 mL) taken in a Schlenk flask fitted with a rubber 
septum. The flask was cooled to 0 C and BBr3 (1.9 mL, 20 mmol) was added dropwise. 
The reaction was then warmed to room temperature (22 C) at which it was allowed to 
stir for 14 h. The contents were poured in water (1 L) and filtered. The product was 
washed repeatedly with water to yield dark green solid (1 g, 88%) that was used further 
without any purification. 
1
H NMR (300 MHz, d6-acetone, δ) 8.20 (s, 4H), 7.93 (s, 2H), 
7.53 (d, J = 8.52 Hz, 8H), 7.08 (d, J = 8.52 Hz, 8H), 3.13 (broad s, 4H ).  
 
1,3,6,8-tetrakis(4-n-propoxyphenyl)pyrene (4): Compound 9 (0.57 g, 1 mmol) was 
dissolved in 1,2-dimethoxyethane (20 mL) taken in a schlenk flask flushed with Argon. 
To this was added potassium hydroxide (1.4 g, 25 mmol) dissolved in water (10 mL) and 
the reaction was stirred. After 30 min. 1-iodopropane (1.95 mL, 20 mmol) was added and 
the reaction was allowed to stir further for 24 hour at 22 C. The reaction was worked up 
by pouring the contents in water (500 mL). The product was extracted with 
dichloromethane and washed with water (3  500 mL) before being dried over MgSO4. 
The solvent was removed under reduced pressure and the crude product was then 
chromatographed over silica gel, using hexanes/ethyl acetate as eluent. The product was 
then recrystallized with dichloromethane/methanol to afford 6 as orange-yellow crystals 
(0.31 g, 42%). mp 256-258 C, 1H NMR (300 MHz, CDCl3, δ) 8.16 (s, 4H), 7.96 (s, 2H), 
7.58 (d, J = 8.6 Hz, 8H), 7.07 (d, J = 8.6 Hz, 8H), 4.03 (t, J = 6.5 Hz, 2H), 1.88 (m, 2H), 
1.10 (t, J = 7.4 Hz, 3H); 
13
C NMR (75 MHz, CDCl3, δ) 158.75, 136.98, 133.57, 131.88, 
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129.83, 128.20, 126.35, 125.31, 114.59, 69.84, 22.87, 10.81; MS : (MALDI) m/z 738.5 
(M+).  
 
1,3,6,8-tetrakis(4-acetylphenyl)pyrene (5): Compound 9 (0.28 g, 0.5 mmol) was added 
to a solution of triethyl amine (0.35 mL, 2.5 mmol) in acetone (10 mL). The mixture was 
stirred for 2 h. Acetyl chloride (0.71 mL, 10 mmol) was then added and the reaction was 
stirred further for 20 h at 22 C. The product was extracted with dichloromethane, dried 
over magnesium sulphate and then chromatographed over silica gel using hexanes/ethyl 
acetate as eluent to afford 8 as light yellow solid (0.27 g, 74%). mp 282 d C, 1H NMR 
(400 MHz, CDCl3, δ) 8.19 (s, 4H), 8.00 (s, 2H), 7.67 (d, J = 8.6 Hz, 8H), 7.28 (d, J = 8.6 
Hz, 8H), 2.37 (s, 12H); 
13
C NMR (100 MHz, CDCl3, δ) 169.72, 150.31, 138.65, 136.58, 
131.79, 129.88, 128.37, 126.09, 125.56, 121.78, 21.43; MS : (MALDI) m/z 738.3 (M+). 
 
1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6): 2,5-dimethoxy-4-
methylphenylboronic acid (0.98 g, 5 mmol) was used and the reaction was carried out for 
2 days. The crude product was then chromatographed over silica gel, using hexanes/ethyl 
acetate as eluent to afford 6 (0.58 g, 72%). mp 300-302 C, 1H NMR (400 MHz, 
(CD3)2SO, 353 K, δ) 7.82 (s, 2H), 7.78 (s, 4H), 7.06 (s, 4H), 6.98 (s, 4H), 3.79 (s, 12H), 
3.61 (s, 12H), 2.31 (s, 12H); 
13
C NMR (100 MHz, CDCl3, δ) 151.21, 133.11 br, 127.99, 
127.67, 126.79 br, 126.29, 124.62 br, 117.06, 55.74 br, 15.48 ; MS : (MALDI) m/z 802.5 
(M+). 
1,3,6,8-tetrakis(pentaphenylphenyl)pyrene (7): This was prepared in 72% overall yield 
in two steps by reacting 1,3,6,8-tetrabromopyrene (8) with phenylethylene followed by 
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cyloaddition of the resulting 1,3,6,8-tetrakis(phenylethynyl)pyrene with 
tetraphenylcyclopentadienone according to a literature published procedure (Bernhardt, 
S.; Kastler, M.; Enkelmann, V.; Baumgarten, M.; Müllen, K. Chem.—Eur. J. 2006, 12, 
6117). 
 
1
H and 
13
C spectra of the Synthesized Compounds: 
1
H NMR of 1,3,6,8-tetraphenylpyrene (1): 
 
 
13
C NMR of 1,3,6,8-tetraphenylpyrene (1): 
 
 
PPM   8.10     8.00     7.90     7.80     7.70     7.60     7.50   
PPM   140.0   138.0   136.0   134.0   132.0   130.0   128.0   126.0  
215 
 
1
H NMR of 1,3,6,8-tetrakis(4-methylphenyl)pyrene (2): 
 
 
13
C NMR of 1,3,6,8-tetrakis(4-methylphenyl)pyrene (2): 
 
 
 
1
H NMR of 1,3,6,8-tetrakis(4-methoxyphenyl)pyrene (3): 
 
 
PPM   7.0     6.0     5.0     4.0     3.0   
PPM   110.0    90.0     70.0     50.0     30.0   
PPM   7.6     7.2     6.8     6.4     6.0     5.6     5.2     4.8     4.4     4.0   
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13
C NMR of 1,3,6,8-tetrakis(4-methoxyphenyl)pyrene (3): 
 
 
 
1
H NMR of 1,3,6,8-tetrakis(4-n-hydroxyphenyl)pyrene (9): 
 
 
 
1
H NMR of 1,3,6,8-tetrakis(4-n-propoxyphenyl)pyrene (4): 
 
 
 
PPM   140.0    120.0    100.0    80.0     60.0   
PPM  8.0     7.0     6.0     5.0     4.0     3.0   
PPM   7.0     6.0     5.0     4.0     3.0     2.0   
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13
C NMR of 1,3,6,8-tetrakis(4-n-propoxyphenyl)pyrene (4): 
 
 
 
1
H NMR of 1,3,6,8-tetrakis(4-acetylphenyl)pyrene (5): 
 
 
 
13
C NMR of 1,3,6,8-tetrakis(4-acetylphenyl)pyrene (5): 
 
 
 
PPM   140.0    120.0    100.0    80.0     60.0     40.0     20.0   
PPM   7.0     6.0     5.0     4.0     3.0   
PPM  160.0    140.0    120.0    100.0    80.0     60.0     40.0   
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1
H NMR of 1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6) at  353 K: 
 
 
 
13
C NMR of 1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6) at  353 K: 
 
 
PPM   7.0     6.0     5.0     4.0     3.0     2.0   PPM   7.0     6.0     5.0     4.0     3.0     2.0   
PPM  160.0    140.0    120.0    100.0    80.0     60.0     40.0     20.0   
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1
H NMR of 1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6) at  293 K: 
 
 
13
C NMR of 1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6) at  293 K: 
 
PPM   7.0     6.0     5.0     4.0     3.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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MALDI-TOF mass spectra of final compounds: 
 
1,3,6,8-tetraphenylpyrene (1): 
 
 
1,3,6,8-tetrakis(4-methylphenyl)pyrene (2) 
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1,3,6,8-tetrakis(4-methoxyphenyl)pyrene (3): 
 
 
1,3,6,8-tetrakis(4-n-propoxyphenyl)pyrene (4): 
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1,3,6,8-tetrakis(4-acetylphenyl)pyrene (5): 
 
 
1,3,6,8-tetrakis(2,5-dimethoxy-4-methylphenyl)pyrene (6): 
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1,3,6,8-tetrakis(pentaphenylphenyl)pyrene (7): 
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Table S1: Crystal data and structure refinement for 1,3,6,8-tetraphenylpyrene (1).  
 
 
 
Identification code  raj9d 
Empirical formula  C40 H26 
Formula weight  506.61 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Orthorhombic 
Space group  P 21 21 21 
Unit cell dimensions a = 11.3184(13) Å a= 90°. 
 b = 12.3674(14) Å b= 90°. 
 c = 19.057(2) Å g = 90°. 
Volume 2667.6(5) Å3 
Z 4 
Density (calculated) 1.261 Mg/m3 
Absorption coefficient 0.542 mm-1 
F(000) 1064 
Crystal size 0.22 x 0.06 x 0.06 mm3 
Theta range for data collection 4.26 to 67.54°. 
Index ranges 0<=h<=13, 0<=k<=14, 0<=l<=22 
Reflections collected 21622 
Independent reflections 2668 [R(int) = 0.0915] 
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Completeness to theta = 67.54° 97.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9682 and 0.8901 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2668 / 0 / 361 
Goodness-of-fit on F2 0.999 
Final R indices [I>2sigma(I)] R1 = 0.0456, wR2 = 0.1085 
R indices (all data) R1 = 0.0530, wR2 = 0.1120 
Absolute structure parameter 1(2) 
Largest diff. peak and hole 0.254 and -0.187 e.Å-3 
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 Table S2: Crystal data and structure refinement for 1,3,6,8-tetrakis(4-
methylphenyl)pyrene (2) 
 
 
 
 
Identification code  raj9a 
Empirical formula  C44.94 H35.88 Cl1.88 
Formula weight  642.78 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P 21/c 
Unit cell dimensions a = 12.70990(10) Å a= 90°. 
 b = 15.0098(2) Å b= 98.5290(10)°. 
 c = 8.95580(10) Å g = 90°. 
Volume 1689.63(3) Å3 
Z 2 
Density (calculated) 1.263 Mg/m3 
Absorption coefficient 1.873 mm-1 
F(000) 675 
Crystal size 0.29 x 0.20 x 0.16 mm3 
Theta range for data collection 4.59 to 66.81°. 
Index ranges -14<=h<=14, 0<=k<=17, 0<=l<=10 
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Reflections collected 14040 
Independent reflections 2913 [R(int) = 0.0169] 
Completeness to theta = 66.81° 97.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7537 and 0.6126 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2913 / 0 / 296 
Goodness-of-fit on F2 1.013 
Final R indices [I>2sigma(I)] R1 = 0.0334, wR2 = 0.0914 
R indices (all data) R1 = 0.0353, wR2 = 0.0930 
Extinction coefficient 0.0007(2) 
Largest diff. peak and hole 0.228 and -0.147 e.Å-3 
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Table S3: Crystal data and structure refinement for 1,3,6,8-tetrakis(4-
methoxyphenyl)pyrene (3). 
 
 
 
Identification code  raj10c 
Empirical formula  C45 H36 Cl2 O4 
Formula weight  711.64 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  C 2/c 
Unit cell dimensions a = 24.8097(6) Å a= 90°. 
 b = 16.6958(4) Å b= 94.7130(10)°. 
 c = 8.3541(2) Å g = 90°. 
Volume 3448.72(14) Å3 
Z 4 
Density (calculated) 1.371 Mg/m3 
Absorption coefficient 2.060 mm-1 
F(000) 1488 
Crystal size 0.40 x 0.05 x 0.04 mm3 
Theta range for data collection 3.19 to 67.31°. 
Index ranges -29<=h<=29, 0<=k<=19, 0<=l<=9 
Reflections collected 13803 
Independent reflections 2952 [R(int) = 0.0303] 
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Completeness to theta = 67.31° 95.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9221 and 0.4928 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2952 / 0 / 249 
Goodness-of-fit on F2 1.202 
Final R indices [I>2sigma(I)] R1 = 0.0938, wR2 = 0.2109 
R indices (all data) R1 = 0.0974, wR2 = 0.2122 
Extinction coefficient 0.00041(7) 
Largest diff. peak and hole 0.411 and -0.523 e.Å-3 
230 
 
Table S4: Crystal data and structure refinement for 1,3,6,8-tetrakis(4-n-
propoxyphenyl)pyrene (4). 
 
 
 
Identification code  raj10a 
Empirical formula  C52.50 H51 Cl O4 
Formula weight  781.38 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P 21/n 
Unit cell dimensions a = 15.9513(3) Å a= 90°. 
 b = 8.0856(2) Å b= 103.7170(10)°. 
 c = 32.4096(7) Å g = 90°. 
Volume 4060.83(15) Å3 
Z 4 
Density (calculated) 1.278 Mg/m3 
Absorption coefficient 1.203 mm-1 
F(000) 1660 
Crystal size 0.57 x 0.20 x 0.04 mm3 
Theta range for data collection 2.81 to 67.38°. 
Index ranges -18<=h<=18, 0<=k<=9, 0<=l<=37 
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Reflections collected 33920 
Independent reflections 7062 [R(int) = 0.0327] 
Completeness to theta = 67.38° 96.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9535 and 0.5473 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7062 / 33 / 576 
Goodness-of-fit on F2 1.036 
Final R indices [I>2sigma(I)] R1 = 0.0508, wR2 = 0.1382 
R indices (all data) R1 = 0.0678, wR2 = 0.1485 
Largest diff. peak and hole 0.623 and -0.387 e.Å-3 
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Table S5: Crystal data and structure refinement for 1,3,6,8-
tetrakis(pentaphenylphenyl)pyrene (7). 
 
 
 
Identification code  raj0m 
Empirical formula  C166.71 H119.41 Cl13.41 
Formula weight  2598.00 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  C 2/c 
Unit cell dimensions a = 42.1590(7) Å a= 90°. 
 b = 12.2524(3) Å b= 125.1970(10)°. 
 c = 32.0002(6) Å g = 90°. 
Volume 13507.6(5) Å3 
Z 4 
Density (calculated) 1.278 Mg/m3 
Absorption coefficient 2.925 mm-1 
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F(000) 5391 
Crystal size 0.45 x 0.20 x 0.06 mm3 
Theta range for data collection 3.83 to 67.46°. 
Index ranges -48<=h<=40, 0<=k<=14, 0<=l<=38 
Reflections collected 56348 
Independent reflections 11713 [R(int) = 0.0331] 
Completeness to theta = 67.46° 96.1 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8441 and 0.3528 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11713 / 3 / 856 
Goodness-of-fit on F2 0.989 
Final R indices [I>2sigma(I)] R1 = 0.0472, wR2 = 0.1232 
R indices (all data) R1 = 0.0589, wR2 = 0.1299 
Largest diff. peak and hole 1.074 and -0.426 e.Å-3 
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Table S6: Crystal data and structure refinement for 1,3,6,8-tetraphenylpyrene (1) cation 
radical. 
 
 
 
Identification code  raj19w  
Empirical formula  C196.71764H152.868Cl12.03821Sb  
Formula weight  3065.17  
Temperature / K  100  
Crystal system  monoclinic  
Space group  P21/c  
a / Å, b / Å, c / Å  
17.2067(4), 31.5263(8), 
30.2214(5)  
α/°, β/°, γ/°  90.00, 96.182(2), 90.00  
Volume / Å3  16298.7(7)  
Z  4  
ρcalc / mg mm
-3
  1.249  
μ / mm-1  3.568  
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F(000)  6355  
Crystal size / mm3  0.34 × 0.05 × 0.02  
Theta range for data collection  3.4063 to 141.822°  
Index ranges  -20 ≤ h ≤ 20, -27 ≤ k ≤ 37, -35 ≤ l ≤ 36  
Reflections collected  87935  
Independent reflections  30618[R(int) = 0.0974]  
Data/restraints/parameters  30618/377/1981  
Goodness-of-fit on F
2
  1.019  
Final R indexes [I>2σ (I)]  R1 = 0.1024, wR2 = 0.2588  
Final R indexes [all data]  R1 = 0.1890, wR2 = 0.3219  
Largest diff. peak/hole / e Å-3  1.203/-0.764  
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Table S7: Crystal data and structure refinement for 1,3,6,8-
tetrakis(pentaphenylphenyl)pyrene (7) cation radical. 
 
 
 
Identification code  raj20b  
Empirical formula  C141H102Cl12.4662Sb2  
Formula weight  2481.65  
Temperature / K  100.0  
Crystal system  triclinic  
Space group  P-1  
a / Å, b / Å, c / Å  12.3582(3), 13.4837(4), 17.7994(6)  
α/°, β/°, γ/°  100.300(3), 93.015(2), 97.034(2)  
Volume / Å3  2887.78(14)  
Z  1  
ρcalc / mg mm
-3
  1.427  
μ / mm-1  6.771  
F(000)  1262  
Crystal size / mm3  0.14 × 0.08 × 0.06  
Theta range for data collection  3.3590 to 146.1712°  
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Index ranges  -15 ≤ h ≤ 15, -16 ≤ k ≤ 14, -22 ≤ l ≤ 21  
Reflections collected  31387  
Independent reflections  11290[R(int) = 0.0383]  
Data/restraints/parameters  11290/0/705  
Goodness-of-fit on F
2
  1.046  
Final R indexes [I>2σ (I)]  R1 = 0.0453, wR2 = 0.1231  
Final R indexes [all data]  R1 = 0.0504, wR2 = 0.1287  
Largest diff. peak/hole / e Å-3  1.146/-0.715  
  
CHAPTER 4 
 
 
 
A Versatile Preparation and Study of a New Class of Highly 
Emissive Polycyclic Aromatic Hydrocarbons:  Double Biaryl 
Annulation of 9,9-Dialkylfluorene via a 2-Step  
Suzuki/Scholl protocol 
 
 
 
Abstract: A versatile synthesis to a new class of large planar PAHs based on annulation 
of biphenyls to readily available fluorene and truxene frameworks has been developed. 
The synthesized PAHs show extensive /-stacking in solid state. The synthesized PAHs 
show a direct influence of the electron donating methyl and methoxy substituents on the 
optoelectronic properties such as cyclic voltammetry, absorption and emission spectra 
and stability of their cation-radical salts. In addition, a high emission quantum yields was 
observed for all four compounds (i.e. 1-4) and thus suggests that these materials hold 
potential for usage in construction of a variety of optoelectronic devices.  
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INTRODUCTION 
 
Polycyclic aromatic hydrocarbons (PAHs) are of considerable interest owing to 
their potential applications as charge-transport materials in modern photovoltaic devices 
such as light-emitting diodes, field-effect transistors, liquid crystal displays and solar 
cells.
1
 Amongst the various PAHs, the graphitic PAHs based on hexa-peri-
hexabenzocoronenes (HBCs) continue to attract tremendous attention; and considerable 
synthetic effort has been devoted by Müllen and coworkers
2
 and others
3
 for the 
preparation of these graphitic materials. Although, the parent HBC is readily synthesized 
by oxidative cyclodehydrogenation of readily-available hexaphenylbenzene, the resulting 
HBC is completely insoluble in most common organic solvents.
2
 Preparation of soluble 
HBC derivative thus necessitates the installation of bulky or long alkyl chains at the 
vertices of HBC core which, unfortunately, requires multi-step synthesis of the precursors 
of these HBCs (see Figure 1).
2
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Figure 1. Comparison of the structure of HBC (A) with proposed PAHs 
based on fluorene (B) and truxene (C) frameworks.  
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Quest for new PAHs comparable to the size of HBC (e.g. Structures B and C in 
Figure 1) that can easily be prepared from readily available starting materials is thus 
imperative. Our continuous interest in preparation of charge transport materials utilizing 
fluorene framework led us to conjecture that if it could be suitably exploited, we should 
be able to prepare relatively large, planer and soluble PAHs (see Structures B and C in 
Figure 1). 
For example, fluorene—a tricyclic aromatic hydrocarbon has been extensively 
utilized for the preparation of a variety of electro-active materials
4
 including the 
preparation of cofacially stacked polyfluorenes,
5
 i.e. Structures D-F. 
 
Figure 2. Representative examples of electro-active materials obtained 
using fluorene framework.
4,5
  
F1
F2
F3
F4
F5
F6
RR
RR
RR
n
RR RR
R'
R' n
RR RR
S
n
D
E-1
E-2
241 
 
 The unique molecular structure of fluorene provides a platform for the 
attachment of groups at C2/C7 by palladium-catalyzed coupling reactions (generally for 
the preparation of linear polyfluorene molecular wires (i.e. Structures D and E in Figure 
2)
4
 and at C9 by nucleophilic substitution reactions for imparting solubility in various 
polyfluorene derivatives as well as the synthesis of cofacially stacked polyfluorenes
5
 (i.e. 
Structures F1-F6 in Figure 2). However, C3/C6 positions of fluorene framework remain 
largely unexplored, i.e. Figure 3.  
C9
C7
C6C3
C2
site for attachment
of the solubilizing
groups
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C-C bond formation
via Pd-catlyzed
coupling reactions
site for
C-C bond formation
via Pd-catlyzed
coupling reactions
sites for
oxidative
C-C bond formation
sites for
oxidative
C-C bond formation
 
Figure 3. Cartoon diagram showing various reactive sites on the basic 
fluorene framework. 
 
We envisioned that if one can access C2/C7 and C3/C6 positions of fluorene in 
succession via Suzuki/Scholl protocol, one can readily construct PAHs comparable to the 
size of HBCs. In addition, utilization of C9 position for the attachment of solubilizing 
alkyl groups should allow the birth of a new class of PAHs (Structures B and C in Figure 
1) which will be readily soluble in common organic solvents. Availability of these PAHs 
not only will allow the effective exploration of their optoelectronic properties in solution 
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but ready processability of these materials will spur interest of others for potential usage  
in devices.   
Accordingly, herein we describe an efficient and versatile synthetic methodology 
that involves the coupling of 2-bromobiphenyls onto either side of the fluorene backbone 
at C2/C7 carbons via Suzuki coupling followed by a ready (intramolecular) Scholl 
reaction at C3/C6 carbons accomplishes a double annulation of the fluorene framework, 
i.e. Figure 4. 
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Figure 4. Suzuki/ Scholl protocol for a double annulation of the fluorene 
framework for the preparation of PAHs.  
 
Accordingly, herein we will describe an efficient preparation of a new class of 
soluble PAHs that contain a pair of electronically coupled, electro-active triphenylene 
chromophores, based on the strategy outlined in Figure 4. The ready preparation and X-
ray crystallographic (structural) characterization of a well-defined series of doubly-
annulated fluorenes (DAFs) allows us to evaluate their optoelectronic and 
electrochemical properties with different substituents. Moreover, the generation and 
comparison of the spectral characteristics of the cation radical salts of 1-3 allows us to 
provide a quantitative understanding as to how the cationic charge (or hole) is stabilized 
by the doubly-annulated fluorenes (DAFs). Furthermore, the versatility of the synthetic 
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strategy in Figure 4 was demonstrated by the preparation of a rather large PAH by a triple 
annulation of a readily available truxene derivative. The details of these finding and 
future applications of this versatile synthetic strategy (in Figure 4) will be described 
herein. 
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RESULTS and DISCUSSION 
 
Synthesis of Doubly-Annulated Fluorenes (DAFs).  The proposed Suzuki/ Scholl 
protocol in Figure 4 was applied to the preparation of DAFs 1–3 and was successfully 
accomplished using readily available starting materials as illustrated in Scheme 1.  
Scheme 1. Synthetic schemes for the preparation of Doubly-Annulated 
Fluorenes (1-3). 
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Thus, a Suzuki coupling
6
 reaction of 9,9-dihexylfluorene-2,7-diboronic acid 
(prepared from 9,9-dihexyl-2,7-dibromofluorene using standard boronic acid synthesis)  
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with commercially-available 2-bromo-1,1'-biphenyl in refluxing 1,2-dimethoxyethane 
(DME) in the presence of a catalytic amounts of Pd(PPh3)4 (0.1 mol%) afforded 2,7-bis( 
[1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene in good yield.  It is noted that the alternate 
method involving a reaction of biphenylboronic acid (prepared from 2-bromobiphenyl 
using standard boronic acid synthesis) with 9,9-dihexyl-2,7-dibromofluorene afforded the 
desired 2,7-bis([1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene in equally good yield (see 
Scheme 1). In addition, the biphenyl moiety can also be installed at the C2 and C7 
positions of the fluorene framework by one aryl at a time. Importantly, it is noted that a 
stepwise procedure will prove to be useful for the annulation of fluorene with 
unsymmetrically substituted biphenyls. For example, a reaction of 2,7-dibromo-9,9-
dihexylfluorene with aryl boronic acid introduces the first aryl ring onto the C2/C7 
positions of the fluorene backbone. Subsequent bromination of the aryl group using 
pyridinium bromide perbromide provides the desired brominated product regioselectively 
in high yields. The same dibromo derivative can also be accessed by a reaction of 9,9-
dihexylfluorene-2,7-diboronic acid with 1-boromo-2-iodobenzene. A second Suzuki 
coupling of this dibromo derivative with arylboronic acid introduces the second set of 
aryl ring to complete the synthesis of 2,7-bis( [1,1'-biaryl]-2-yl)-9,9-dihexylfluorene. 
Thus, all three procedures can be employed for the installation of biaryl units onto 
the fluorene framework and thus choice of one of these three procedures depended upon 
the availability and ease of the preparation of the starting materials. For example, 
precursor for DAF 1 was obtained by a simple two-step procedure using 2-
bromobiphenyl as one of the starting materials whereas the precursors for 2 and 3 were 
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obtained via combinations of all three routes (see Experimental section for the additional 
procedural details). 
The double annulation was accomplished in excellent yield by oxidative CC 
bond formation at C3/C6 carbons of the fluorene core with the biphenyls attached at C2/C7 
in various DAF precursors using a standard Scholl protocol, i.e. a reaction with excess 
FeCl3 (12 equiv.) in a mixture of dichloromethane and nitromethane at 0 
o
C.  
The synthesized compounds were characterized by 
1
H and 
13
C NMR spectroscopy 
and the structure of final compounds were further confirmed by MALDI-TOF mass 
spectroscopy and by X-ray crystallography (vide infra). The 
1
H NMR spectra of various 
DAFs (i.e. 1-3) at 20 °C in CDCl3 showed sharp signals (see Figure 5) indicating the 
absence of aggregation in solution state. In this context, it should be noted that 
unsubstituted or alkoxy substituted HBC derivatives show unusually large aggregations 
in solution
3
 that results in highly broadened signals in their 
1
H/
13
C NMR spectra to the 
extent that they cannot be characterized without resorting to variable NMR spectroscopy 
at very high temperatures.
3
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Figure 5.  
1
H NMR spectra of DAF 1-3 in CDCl3 at 20 
o
C. 
 
X-ray crystallography of DAF 1-3. In order to determine the molecular structures of 1-3 
and ascertain their organization in solid state, single crystals suitable for X-ray diffraction  
analyses were obtained using either a mixture of dichloromethane and methanol (solvent 
system used for crystallization of 1 and 2) or dichloromethane and acetonitrile (solvent 
system used for crystallization of 3). The unequivocal confirmation of the molecular 
structures of 1-3 was obtained by X-ray crystallography as shown by the ORTEP 
diagrams in Figure 6. The side views of 1-3 in Figure 6 (right) show that the 
polyaromatic rings in all three DAFs are somewhat deformed from planarity.  As such 
the observed (slight) deformation from planarity in the aromatic moieties of 1-3 is not 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
O
O
O
OO
O
O
O
1
2
3
PPM   8.8     8.4     8.0     7.6     7.2   
PPM  9.2     8.8     8.4     8.0     7.6     7.2   
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uncommon as large PAHs generally undergo similar deformations from planarity due to 
the crystal packing forces.
8
 Furthermore, the solubilizing hexyl groups in 2 are somewhat 
disordered in its X-ray structure as shown by the presence of relatively large thermal 
ellipsoids, whereas they are fairly well ordered in 1 and 3 (Figure 6, left). 
 
Figure 6. The ORTEP diagrams of DAF 1-3 showing that the 
polyaromatic moieties are not completely planar and such deformations 
are known to occur due to the crystal packing forces. The thermal 
ellipsoids are shown in 50% probability and hydrogens are removed for 
the sake of clarity.  
Front View Side View
1
2
3
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The X-ray crystal structures of 1-3 showed that while 1 and 2 form 
centrosymmetric dimers with extensive/ overlap of their anti-parallel aromatic planes 
(at a van der Waals distance of ~3.40 Å and in 3.50 Å in 1 and 2, respectively), a pair of 
molecules of 3 form slip dimers with a distance of ~3.5 Å between the aromatic planes 
(see Figure 7).  
 
Figure 7.  Dimeric stacks in the crystal structures of DAFs 1-3. 
 
O
O
O
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O
O
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The extended packing diagrams of 1-3 show that while the dimers of 1 from an 
extended herringbone arrangement, 2 and 3 form shifted stacks with a extended two 
dimensional ladder like pi-stacking (Figure 7).  
 
Figure 8. Extended packing digrams of 1, 2 and 3. 
3
1
2
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It is important to note that such an extended two dimensional arrangement of 
large, fully-conjugated PAHs at van der Waals distances suggests that these molecules 
hold potential for effective long-distance charge transport through intermolecular stacks 
as shown pictorially in Figure 9. 
 
Figure 9. Showing the intramolecular (pink arrows) and intermolecular 
(blue arrows) pathways for the charge transport in the closely stacked 
molecules of DAF 2. 
 
Electrochemistry. The redox properties of DAFs 1-3 were determined by 
electrochemical oxidation at a platinum electrode as 2 × 10
-3
 M solution in anhydrous 
dichloromethane containing 0.2 M tetra-n-butylammonium hexaflurophosphate (TBAH) 
as the supporting electrolyte. The electrochemical oxidations of 1-3 were completely 
reversible for the removal of the first electron at varying scan rates of 25–400 mV s-1; all 
anodic/cathodic peak current ratios were Ia/Ic = 1.0 (theoretical) at room temperature 
(Figure 10). A quantitative evaluation of the CV peaks and peak currents with added 
3
1
2
e- or hole
252 
 
ferrocene (as an internal standard, Eox = 0.45 V vs. SCE) revealed that the first wave in 
the reversible cyclic voltammograms of 1-3 corresponds to the production of the mono 
cation radical (by transfer of one electron) at Eox1 = 1.41, 1.21, and 1.09 (V vs. SCE), 
respectively.  
 
Figure 10. Cyclic Voltammograms of 2 × 10
-3
 M 1-3 in CH2Cl2 
containing 0.2 M n-Bu4NPF4 at a scan rate of 100 mV s
-1 
at 22 °C. 
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Each cyclic voltammogram in Figure 10 shows the presence of two 1-e
-
 oxidation 
waves corresponding to the loss of one and two electrons respectively. As expected, an 
introduction of electron donating methyl (DAF 2) or methoxy substituents (DAF 3) 
lowers the first and the second oxidation potentials of 2 and 3 when compared to 1 (see 
Table 1). Furthermore, it was observed that the difference between first and the second 
oxidation potentials, i.e. the ∆Eox value decreased from 0.46 V in 1 to 0.34 V in 2 due to 
the substitution of hydrogens with electron donating methyl substituents. However, the 
substitution of hydrogens with electron donating methoxy substituents in 3, sharply 
decreased the ∆Eox value to 0.08 V.  
 
Figure 11. Showing the HOMO of 1-3, obtained by density functional 
theory calculations at the B3LYP/6-31G* level. 
1
2
3
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In order to discern the dramatic difference between the ∆Eox value of 3 as 
compared to that of 1-2, we calculated their highest occupied molecular orbitals (HOMO) 
using density functional theory calculations at the B3LYP/6-31G* level (see Figure 11). 
It is known that in π-conjugated systems (e.g.  poly-p-phenylenes), HOMO tends to 
gravitate towards the centre of the molecule.
9
 Consistent with this fact are the HOMOs of 
1 and 2 with much enhanced bonding lobes (regions of electron density) in the center of 
the molecule than in the periphery (Figure 11). However in case of 3, HOMO is relatively 
more concentrated at the two ends of the molecule as evident by the comparative 
weakening of the lobes at the center and their intensification at the ends of the molecule 
(Figure 11). As such, we believe that in case of 3, when the second electron is removed, 
the two holes are compartmentalized at the two well separated zones of the molecule, 
owing to the fact that the methoxy groups on biphenyls, attached to either side of the 
fluorene unit, facilitate the stabilization of cation radical by quinoidal valance bond 
resonance.
10  
However, in case of 1 and 2, the two holes are better stabilized by the 
central planar quarter-p-phenylene moiety,
9
 than simply by the biphenyl or 
tetramethylbiphenyl units at the ends. The two charges occupy the same quarter-p-
phenylene moiety in 1 and 2 and thereby render the removal of second electron difficult, 
i.e. Scheme 2. 
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Study of Electron donor acceptor or charge transfer complexes of 1-3 with 2,3-
dichloro-5,6-dicyano-p-benzoquinone (DDQ) and chloranil (CA).  The charge-
transfer (CT) spectral transitions arising from electron donor-acceptor complexes of a 
series of related electron donors with a given electron acceptor (such as DDQ) provides a 
rapid major of relative electron donor strengths using Mulliken theory.
11
 Accordingly, 
charge-transfer complexation of 1-3 with chloranil and DDQ was studied in 
dichloromethane solution by UV-vis spectroscopy as follows. 
 
Figure 12.  Spectral changes observed upon the incremental addition of  
1-3 to a 4.0 x 10
-3
 M solution of DDQ in dichloromethane at 22 °C in 
Figures A-C, respectively.  
 
The UV-vis spectral changes in Figure 12A typically show a monotonic growth of 
the diagnostic charge transfer (CT) band at 640 nm upon incremental addition of 1 to 4.0 
x 10
-3
 M solution of DDQ in dichloromethane at 22 °C. The broad absorption band was 
ascribed to the intermolecular donor-acceptor association between 1 and DDQ, i.e. 
1 [1, DDQ] (eq. 1)
K DA
DDQ  
Similarly, the complexation of donors 2 and 3 with DDQ in Figures 12B and 12C showed 
relatively red-sifted charge transfer absorption bands at 724 and 869 nm for 2 and 3, 
respectively. A charge transfer complexation study of 1-3 was also carried out with 
640 nm
724 nm 869 nm
A
2 31
B C
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chloranil (Ered = 0.02 V vs SCE),
11
 a relatively poor electron acceptor when compared to 
DDQ (Ered = 0.56 V vs SCE),
11
 and expectedly, the observed CT absorption bands at 528, 
578 and 664 nm for the chloranil complexes of 1, 2 and 3, respectively, were relatively 
blue shifted when compared to the corresponding complexes with DDQ.  
The correlation of oxidation potentials of DABs 1-3 and three other previous 
reported benzenoid donors
11
 (i.e. hexamethylbenzene, HMB; durene, DUR; and 
mesitylene, MES) and their charge-transfer transition energies (hCT) in the chloranil 
electron donor-acceptor (EDA) complexes, as illustrated in Figure 13, confirms 
Mulliken’s prediction11b that: 
hCT   =   IP (or Eox)   -    EA   -    (eq 2) 
where, the electron affinity (EA) of chloranil electron acceptor and the electrostatic 
interaction () of the charge-transfer (CT) ion pair are constant when considering a series 
of related EDA complexes. 
 
Figure 13. Correlation of the oxidation potentials (Eox1) of DAFs 1-3 and 
three other benzenoid donors (i.e. HMB, DUR, and MES) with the CT 
energies (hCT) of their EDA complexes with chloranil.  
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The structure of one of the EDA complexes was also verified by the isolation of 
crystals of the 1:1 complex of 1 with CA and characterization by X-ray crystallography 
(Figure 14).  The structure of CT complex [1, CA] showed that the centrosymmetric anti-
parallel dimers of 1 are intercalated with a pair of chloranil molecules at a close van der 
Waals contact, i.e. Figure 14A. 
 
Figure 14.  Molecular structure of an electron donor-acceptor complex of 
1 and chloranil (A) with extended packing diagrams (B and C). 
B. C.
A.
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Generation of the 1-3 cation radicals and their electronic spectroscopy. The 
electrochemical reversibility of 1-electron oxidation of DAFs 1-3 allowed the preparation 
and study of their cation-radical salts; however, owing to the large differences in Eox1 
values of 1-3, their cation radicals solutions  in dichloromethane were obtained from 
different oxidants, such as NO
+ 
SbCl6
-
 (Ered ~1.5 V vs SCE)
9
 and robust aromatic cation-
radical salts derived from a triarylamine (MB
+
 SbCl6
-
)
12
 or a hindered naphthalene 
(NAP
+
 SbCl6
-
),
13
 see structures below. 
Ered 1.34 1.15
o
(V vs. SCE)
Br N
3
NAP+
+
MB+
 
For example, the cation radical 1
+
 SbCl6
-
 was generated from a reaction of a 
solution of DAB 1 (Eox1 = 1.41 V)  in anhydrous dichloromethane with equimolar 
amounts of NO
+
 SbCl6
-
 under an argon atmosphere at -10 °C. The gaseous nitric oxide 
produced according to the stoichiometry in eq 3 was entrained by bubbling argon through 
the solution to yield a green-colored solution of 1
+
 SbCl6 
–
 [528 nm (log  = 4.60)  and 
1344 nm (log  = 4.35)]. 
1
+ 1+ SbCl6
- + NO (eq 3)NO
+ SbCl6
-
 
The cation radical 2
+
 SbCl6
-
 of relatively electron rich DAB 2 (Eox1 = 1.21 V) 
was generated by a careful redox titration using the hindered NAP
+
 SbCl6
-
.  For example, 
Figure 15A shows the spectral changes attendant upon an incremental addition of sub-
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stoichiometric amounts of  2 to 5.65 × 10
-5
 M NAP
+
 SbCl6
-
 [λmax (log ε) = 672 nm 
(3.97)] in dichloromethane at 22 C.   
Moreover, a plot of formation of 2
+ 
(i.e. increase of absorbance at 1486 nm) and 
a concomitant consumption of NAP
+
 (i.e. decrease of absorbance at 672 nm) against the 
increments of added neutral 2 established that NAP
+ 
was completely consumed after 
addition of 1 equiv of 2 and the resulting absorption spectrum with absorption bands at 
526 (log  = 4.66), 962 sh. (log  = 3.0), and 1486 nm (log  = 4.39) remained unchanged 
upon further addition of neutral 2, i.e. eq 4.  
2
NAP+
+ 2+ + NAP (eq 4)
 
 
 
Figure 15 A. Spectral changes observed upon the reduction of 5.65 x 10
-5
 
M NAP
+●
 (red line) by an incremental addition of 2 x 10
-3
 M of 2 to its 
radical cation (green line) in CH2Cl2 at 22 °C. B. A plot of depletion of 
absorbance of NAP
+●
 (red circles) and an increase of the absorbance of 2
+●
 
(green triangles,) against the equivalent of added neutral 2.  
672 nm
1486 nm
672 nm
1486 nm
A B
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For 3, where both Eox1 (1.09 V) and Eox2 (1.17 V) values are well below the redox 
potential of NAP
+ 
(Ered = 1.34 V vs SCE), and the NAP
+
 was completely consumed by 
addition of only half an equivalent of neutral 3; and the resulting absorption spectrum 
(blue line in Figure 16A and Figure 16C) was assigned to the dication 3
+2
 with absorption 
bands at 836 nm (log  = 4.03) and 1130 nm (log  = 3.77) characteristic of a 
triphenylene cation radical
14
 (vide infra). 
 
Figure 16. A. Spectral changes upon the reduction of 4.07 x 10
-5
 M 
NAP
+●
 (red line) by an incremental addition of half an equivalent of 2.0 x 
10
-3
 M of 3 to its dication and B. to its cation radical by addition of 
another half an equivalent of 3 in CH2Cl2 at 22 °C. C. A plot of depletion 
of absorbance of NAP
+●
 (red circles) and an increase of the absorbance of 
3
+2
 (blue diamonds) and 3
+●
 (green triangles) against the equivalent of 
added 3. 
 
Figure 16B/C show that when the addition of neutral 3 was continued beyond half an 
equivalent, a new absorption band at 1538 nm (log  = 4.42) continue to grow up to the 
NAP+• + 3 → 3+2
3+2 + 3 → 3+•
A
836 nm
1538 nm
672 nm
B
C
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addition of one equivalent of 3. The growth of the absorption band at 1538 nm was assigned 
to  the formation of cation radical 3
+●
 by conproportionation, i.e. 3 + 3
+2
 ↔ 2 3+●.  The 
identity of 3
+●
 was further verified by its generation from 3 and MB
+
 SbCl6 
-
(Ered = 1.15 V 
vs SCE), i.e. Figure 17.  
 
Figure 17. A. Spectral changes observed upon the reduction of 6.2 x 10
-5 
M MB
+●
 (red line) by an incremental addition of 2.0 x 10
-3
 M of 3 to its 
cation radical (green line) in CH2Cl2 at 22 °C. B. A plot of depletion of 
absorbance of MB
+●
 (red circles) and an increase of the absorbance of 3
+●
 
(green triangles) against the equivalents of added neutral 3. 
 
It is further noted that the absorption spectrum of dication of 3 in Figure 16A 
shows a strong resemblance to the cation radical spectrum of 2,3,6,7-
tetramethoxytriphenylene cation radical [max 846 nm (log  = 4.11) and 1090 nm (log  
= 3.22)]
14
 and thus suggests that in 3
+2
 the two charges are compartmentalized at the two 
tetramethoxytriphenylene moieties in 3 (vide supra). 
 
Expectedly, a comparison of absorption spectra of the cation radicals of DAFs 1-3 
show a slight red shift going from 1 to 2 to 3 owing to the improved delocalization of the 
MB+• + 3 → 3+• + MB
728 nm
1538 nm
A B
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cationic charge by the presence of electron donating substituents in 2 and 3 (i.e. Figure 
18).  
 
Figure 18. Comparison of the absorption spectra and molar absorptivities 
of the cation radicals of 1-3.  
 
Absorption/emission spectroscopy of DAFs 1-3.  The optical properties of 1-3 were 
evaluated with the aid of UV-vis and emission spectroscopy as follows. The electronic 
absorption spectra of 1-3 in dichloromethane solutions were recorded under the 
conditions of identical concentration (10
-5
 M) and temperature (22 °C) and are compiled 
in Figure 19A. All DAFs showed highly structured absorption bands which shifted 
bathochromically going from 1 to 2 to 3, in accordance with the increasing electron-
donor ability of the substituents present in 2 and 3, i.e. methyl and methoxy substituents, 
respectively (see Table 1). The molar extinction coefficients of 1-3 are comparable, 
however, there is a slight increase in the molar absorptivities of the high-energy 
absorption bands (centered at 280-292 nm) going from 1 to 3, while there is a decrease in 
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the molar absorptivities of the low-energy absorption bands (centered at 374-387 nm) 
going from 1-3. We, at the present time, have no explanation for this unusual change in 
the molar absorptivities in two different regions of the electronic absorption spectra of 
DAFs 1-3. 
 
Figure 19. A. Comparison of the electronic absorption spectra and molar 
absorptivities of 1-3 in CH2Cl2 solution at 22 C. B. Normalized emission 
spectra of 2  10-6 M 1-3 (as indicated) in CH2Cl2 solution at 22 C. 
 
The emission spectra of 1-3 recorded under conditions of constant concentration 
(10
-6
 M solution in dichloromethane) and temperature (22 °C) showed well defined 
vibrational structure (Figure 19B), with the position of emission maxima shifting towards 
red from 1 to 3. The fluorescence quantum yields were determined using 9,10-
diphenylanthracene (Φ = 0.91) as a standard (see Experimental for the details) and as 
expected all three DAFs show very high florescence quantum yields which varied from 
0.98, 0.85 and 0.82 for 1, 2 and 3, respectively (see Table 1). 
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Table 1.  Optical and Electrochemical data of of DAFs 1-3 and a triply-
annulated truxene derivative 4. 
 
Properties  1 2 3 4 
Eox1 V vs SCE 1.41 1.21 1.09 1.16 
Eox2 V vs SCE 1.87 1.56 1.17 1.54 
λmax  
(UV-vis) 
nm 280 286 292 292 
max  
(UV-vis) 
M
-1
 cm
-1
 105,785 109,317 123,532 270,146 
λmax 
(emission) 
nm 
378, 
400 
386, 
406 
394, 
416 
402 
CT CA nm 528 578 664 664 
CT DDQ nm 640 724 869 8690 
quantum yield ΦF 0.98 0.85 0.82 0.44 
CR
•+
, λmax 
(εmax) 
nm 
(M
-1 
cm
-1
) 
528 
(39,799) 
1344 
(22,635) 
526 
(45,322) 
962sh 
(7,254) 
1496 
(24,376) 
536 
(30,427) 
742 
(8,357) 
1538 
(26,011) 
- 
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Preparation of a nanometer-size, soluble polyaromatic hydrocarbon via a triple-
annulation of a truxene derivative using an efficient and versatile Suzuki/Scholl 
protocol. Truxene is a readily available
15
 planar polyaromatic hydrocarbon which 
represents a fusion of three fluorene moieties in such a way it that leads to a C3 
symmetric structure, i.e. Scheme 3.     
 Scheme 3. Preparation of truxene and its (soluble) triboromo derivative. 
O
O
O
Br
Br
Br
n-BuLi/THF
Bromohexane
Br2/CH2Cl2
 
 
Truxene has been recognized as starting material for the construction of large 
polyarenes and bowl shaped fragments of the fullerenes, C3 tripodal materials in chiral 
recognition and liquid crystalline materials.
16
 The Suzuki/Scholl protocol used for the 
double annulation of fluorene was adopted for the triple annulation of tribromotruxene  
derivative as summarized in Scheme 4. Thus, a three-fold Suzuki coupling of  2,7,12-
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tribromotruxene derivative with commercially-available 3,4-dimethoxyphenylboronic 
acid in the presence of Pd(PPh3)4 catalyst afforded 2,7,12-tris(4,5-
dimethoxyphenyl)truxene derivative in good yield. Subsequent treatment of the product 
with three equivalent of pyridiniumbromide perbromide regioselectively afforded the 
tribromo product which in turn was subjected to another three-fold Suzuki coupling with 
3,4-dimethoxyphenylboronic acid to afford 2,7,12-tris(3',4',4,5-tetramethoxy[1,1'-
biphenyl]-2-yl)hexahexyltruxene. Finally, FeCl3 mediated Scholl reaction afforded 4 in 
excellent yield (i.e. Scheme 4).  
  
Scheme 4. Synthesis of triply-annulated truxene derivative 4. 
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The triply-annulated truxene 4 was easily characterized by 
1
H/
13
C NMR 
spectroscopy and its molecular structure was further confirmed by X-ray crystallography. 
The crystal structure of 4, gives an extended packing in which the overlapping aromatic 
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parts of the molecule form an interlaced 3-dimensional network with a system of 
communicating cavities filled out by large amount of disordered solvent molecules (i.e. 
dichloromethane and toluene molecules) and disordered aliphatic hexhyl groups, i.e. 
Figure 20.  
 
Figure 20. The ORTEP diagrams of 4 (A) and a side view (B) showing 
that the polyaromatic moieties are not completely planar. (C) Showing a 
packing of the molecules of 4 in a unit cell. 
A. B.
C.
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The electrochemical and optoelectronic data of 4 have been compiled in Table 1 
together with those of 1-3. An examination of the photo physical properties shows that 
both the absorption and the emission characteristics of 4 are comparable to that of the 
corresponding doubly annulated 3. However, due to the much extended chromophore of 
4, the molar absorptivity increases almost two fold in comparison to 3. Cyclic 
voltammetry of 4, under comparable conditions of concentration and temperature show 
the presence to two oxidation waves corresponding to loss of multiple electrons 
(undetermined).  
 
Conclusions.  We have developed a versatile synthesis to prepare a new class of large 
planar PAHs based on annulation of biphenyls from readily available fluorene and 
truxene frameworks. The synthesized PAHs show extensive /-stacking in solid state. 
The synthesized PAHs also show a direct influence of the electron donating methyl and 
methoxy substituents on the optoelectronic properties such as cyclic voltammetry, 
absorption and emission spectra, and stability of their cation-radical salts. In addition, 
high emission quantum yields were observed for all four compounds (i.e. 1-4) and thus 
suggests that these materials hold potential for usage in construction of a variety of 
optoelectronic devices.  
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EXPERIMENTAL 
 
General Experimental Methods and Materials. All reactions were performed under 
argon atmosphere unless otherwise noted. All commercial reagents were used without 
further purification unless otherwise noted. Dichloromethane (Aldrich) was repeatedly 
stirred with fresh aliquots of concentrated sulfuric acid (~10 % by volume) until the acid 
layer remained colorless. After separation it was washed successively with water, 
aqueous sodium bicarbonate, water, and aqueous sodium chloride and dried over 
anhydrous calcium chloride. The dichloromethane was distilled twice from P2O5 under an 
argon atmosphere and stored in a Schlenk flask equipped with a Teflon valve fitted with 
Viton O-rings. The hexanes and toluene were distilled from P2O5 under an argon 
atmosphere and then refluxed over calcium hydride (~12 h). After distillation from CaH2, 
the solvents were stored in Schlenk flasks under an argon atmosphere. Tetrahydrofuran 
(THF) was dried initially by distilling over lithium aluminum hydride under an argon 
atmosphere. The THF was further refluxed over metallic sodium in the presence of 
benzophenone until a persistent blue color was obtained and then it was distilled under an 
argon atmosphere and stored in a Schlenk flask equipped with a Teflon valve fitted with 
Viton O-rings. NMR spectra were recorded on Varian 300 and 400 MHz NMR 
spectrometers. GC-MS spectra were obtained on a Fisons 8000 trio instrument at an 
ionization potential of 70 eV. 
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Cyclic Voltammetry (CV). The CV cell was of an air-tight design with high vacuum 
Teflon valves and Viton O-ring seals to allow an inert atmosphere to be maintained 
without contamination by grease. The working electrode consisted of an adjustable 
platinum disk embedded in a glass seal to allow periodic polishing (with a fine emery 
cloth) without changing the surface area (~1 mm2) significantly. The reference SCE 
electrode (saturated calomel electrode) and its salt bridge were separated from the 
catholyte by a sintered glass frit. The counter electrode consisted of platinum gauze that 
was separated from the working electrode by ~3 mm. The CV measurements were carried 
out in a solution of 0.2 M supporting electrolyte (tetra-n-butylammonium 
hexafluorophosphate, TBAH) and 2-5 x 10
-3
 M substrate in dry dichloromethane under 
an argon atmosphere. All the cyclic voltammograms were recorded at a sweep rate of 200 
mV sec
-1
, unless otherwise specified and were IR compensated. The oxidation potentials 
(E1/2) were referenced to SCE, which was calibrated with added (equimolar) ferrocene 
(E1/2 = 0.450 V vs. SCE). The E1/2 values were calculated by taking the average of anodic 
and cathodic peak potentials in the reversible cyclic voltammograms. 
 
Procedure for the Spectral Titration of [Nap
·+
 SbCl6
-
]  A deep blue solution of Nap
·+
 
SbCl6
-
 in dichloromethane (3 mL, 4-5 × 10
-5
 M) was transferred under an argon 
atmosphere in a 1-cm quartz cuvette equipped with a Schlenk adaptor at room 
temperature. A dichloromethane solution (2 × 10
-3
 M) of DAF was added incrementally 
to this solution. After each addition, the UV-vis and NIR spectra of the resulting solution 
was recorded at 22 C. 
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Procedure for the Spectral Titration of Tris(4-bromophenyl)aminium 
hexachloroantimonate (MB
+•
 SBCl6
-
) with DAFs.  A deep blue solution of MB
+•
 SbCl6
-
 
in dichloromethane (3 mL, 5.5 × 10
-5
 M) was transferred under an argon atmosphere in a 
1-cm quartz cuvette at room temperature. A dichloromethane solution (2 × 10
-3
 M) of 
DAFs was added incrementally to this solution. After each addition, the UV-vis and NIR 
spectra of the resulting solution was recorded at 22 C. 
 
Procedure for the study of charge transfer complexation: Typically in a 1-cm square 
quartz cuvette was placed 4 mM solution of chloranil in dichlormethane.  A known 
amount of arene donor was added in increments, and the absorption changes were 
measured at the absorption maxima. A similar procedure was adopted to study 
complexation studies with DDQ. 
 
Isolation and X-ray Crystallography of Donor Acceptor Complex: The chloranil 
complex was crystallized from an equimolar solution of chloranil and 1 in 
dichloromethane by very slow evaporation of the solvent. 
 
Procedure used for calculating Fluorescence quantum yield. Fluorescence quantum 
yields were measured by the serial dilution method, summarized as follows. For a given 
fluorescent compound five solutions of different dilutions were prepared; concentrations 
varied in such a way that the absorbance at λmax varied from 0.01 to 0.10. For each 
sample, two excitation wavelengths were used for the emission measurements.  While the 
first wavelength corresponds to absorption maxima of ethylene, the second more intense 
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absorption corresponds to absorption maxima of phenyl rings. The slope (or gradient) of 
the best-fit line of the resulting linear plot of absorbance versus integrated emission was 
compared to a similar gradient measured for a reference fluorophore, for which the 
quantum yield is known. Since the reference and the sample were measured in two 
different solvents, a correction for refractive index is applied, and the fluorescence 
quantum yield was calculated according to Equation 1. For this work, 9,10 
diphenylanthracene in cyclohexane (ФF = 0.91) 
S1, S2
 was chosen as reference since its 
absorption and emission bands are similar in energy to the compounds being studied 
herein. 9,10 diphenylanthracene was cross calibrated with anthracene in ethanol (ФF = 
0.27)  
ФF = ФF(ref) (Grad (x)/Grad (st)) (η
2
x/η
2
st) (eq. 1) 
ФF = Fluorescence Quantum yield 
Grad = Slope of integrated fluorescnence versus Absorption 
η = Refractive index of solvent 
[S1] Hamai, S.; Hirayama, F. J. Phys. Chem. 1983, 87, 83-89.  
[S2] Valeur, B. Molecular Fluorescence, Principles and Applications: Wiley-VCH; New 
York, 2002. 
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Synthesis of DAFs 
 
2-Bromo-3’,4,4’,5-tetramethoxy-1,1'-biphenyl 
O
O
Br
O
O
 
To a degassed (Ar) solution of 1-bromo-2-iodo-4,5-dimethoxybenzene (5.0 g, 
14.6 mmol), 3,4-dimethoxyphenylboronic acid (2.6 g, 14.6 mmol) and Pd(PPh3)4 (0.14 g, 
0.12 mmol ) in 1,2-dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 
solution (20 mL) was added via syringe. The reaction mixture was refluxed for 18 h. 
After cooling, the product was extracted with DCM, washed with water and dried over 
MgSO4
. 
The solvent was evaporated, affording the crude mixture. After column 
chromatography on silica gel eluting with hexane/ethyl acetate (3:1), pure compound 
(4.21 g, 81.7 %) was obtained as colorless oil which solidifies on standing. m.p. 64-66 
C. 1H NMR (CDCl3): δ 7.08 (1H, s), 6.93 (1H, s), 6.90 (2H, m), 6.82 (1H, s), 3.89 (3H, 
s), 3.88 (3H, s), 3.87 (3H, s), 3.84 (3H, s). 
13
C NMR (CDCl3): δ 148.59, 148.36, 148.19, 
134.49, 133.80, 131.72, 115.68, 113.88, 113.0, 112.64, 110.61, 56.23, 56.08, 55.95, 
55.87.  
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3,3’,4,4’-Tetramethyl-1,1'-biphenyl 
 
Under an argon atmosphere, using a cannula, a freshly prepared solution of 3,4-
dimethylphenylmagnesium iodide [prepared from 4-iodo-o-xylene (2.5 mL, 17.2 mmol) 
and excess magnesium turnings (1.7 g, 68.8 mmol) in anhydrous tetrahydrofuran (250 
mL)] was transferred to a Schlenk flask containing  4-iodo-o-xylene (2.5 mL, 17.2 mmol) 
and a catalytic amount of bis-(triphenylphosphine)palladium dichloride (0.25 g) at room 
temperature. The resulting off white mixture was refluxed for 24 h, cooled to room 
temperature, and quenched with saturated ammonium chloride solution (50 mL). The 
aqueous layer was extracted with dichloromethane (3 × 50 mL) and the combined organic 
extracts were dried over anhydrous magnesium sulfate and filtered. Evaporation of the 
solvent in vacuo afforded crude mixture. After column chromatography on silica gel 
eluting with hexane, pure compound (2.36 g, 65.2 %) was obtained as colorless solid. 
m.p. 73-75 C. 1H NMR (CDCl3) δ:  7.45 (2H, d, J
 
= 1.9 Hz), 7.41 (2H, dd, J
 
= 7.7, 1.9 
Hz), 7.26 (2H, d, J
 
= 7.7 Hz), 2.41 (6H, s), 2.38 (6H, s). 
13
C NMR (CDCl3): δ 139.11, 
137.00, 135.51, 130.20, 128.49, 124.57, 20.18, 19.66.  
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2-Iodo-3’,4,4’,5-tetramethyl-1,1'-biphenyl 
I
 
A mixture of 3,3’,4,4’-tetramethyl-1,1'-biphenyl (2.3 g, 10.9 mmol), periodic acid 
(0.42 g, 1.8 mmol), iodine (0.93 g, 3.6 mmol), acetic acid (25 mL), water (4.5 mL), conc. 
H2SO4 (0.9 mL) and CCl4 (10 mL) was warmed at 80 C for 5h. The organic layer was 
extracted with dichloromethane (3 × 50 mL) and the combined organic extracts were 
dried over anhydrous magnesium sulfate and filtered. Evaporation of the solvent in vacuo 
afforded crude mixture. After column chromatography on silica gel eluting with hexane, 
pure compound (2.72 g, 74.1 %) was obtained as viscous oil which solidifies on standing. 
m.p. 58-60 C. 1H NMR (CDCl3): 
1
H NMR (CDCl3): δ 7.45 (2H, d, J
 
= 1.9 Hz), 7.41 
(2H, dd, J
 
= 7.7, 1.9 Hz), 7.26 (2H, d, J
 
= 7.7 Hz), 2.41 (6H, s), 2.38 (6H, s). 
13
C NMR 
(CDCl3): δ 144.26, 141.81, 140.23, 137.63, 136.89, 136.23, 135.91, 131.56, 130.68, 
129.30, 126.94, 95.00, 20.04, 19.79, 19.52, 19.07.  
 
General method of preparation of 2,7-bis( [1,1'-biphenyl]-2-yl)-9,9-dihexylfluorenes 
To a solution of  2,7-dibromo-9,9-dihexylfluorene (1.17 g, 2.0 mmol) in dry THF 
(30 mL) at -78 C was added n-BuLi (1.7 mL, 2.5 M, 4.2 mmol) followed by 
triisopropylborate (2.9 mL, 12.6 mmol) under an argon atmosphere. The resulting 
mixture was stirred for 4 h at -78 C and then allowed to warm to room temperature 
during a 12 h period. To this mixture at room temperature were then added 2-Bromo-
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1,1’-biphenyls (4.5 mmol), toluene (30 mL), ethanol (30 mL), 2M aqueous sodium 
carbonate solution (12 mL) and Pd(PPh3)4 catalyst (0.11 g, 0.10 mmol) under an argon 
atmosphere and the resulting mixture was refluxed for 24-36 h. After cooling, the product 
was extracted with DCM, washed with water and dried over MgSO4
. 
The solvent was 
evaporated under reduced pressure affording the crude mixture. After column 
chromatography on silica gel eluting with hexane/ethyl acetate, pure compound was 
obtained as colorless oil. 
 
2,7-Bis( [1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene 
 
The mixture discussed above containing 2-bromo-1,1’-biphenyl (1.05g, 4.5 
mmol) was refluxed for 24 h. After column chromatography on silica gel eluting with 
hexane/ethyl acetate (50:1), pure compound was obtained as colorless oil. (1.02 g, 79.9 
%) 
1
H NMR (CDCl3): δ 7.62 (2H, d, J
 
= 7.8 Hz), 7.56 (2H, m), 7.52-7.46 (6H, m), 7.30-
7.19 (12H, m), 6.99 (2H, s), 1.62–1.55 (4H, m), 1.27–1.16 (4H, m), 1.10–1.01 (4H, m), 
1.01–0.91 (4H, m), δ 0.90-0.83 (6H, t, J = 7.2 Hz). 13C NMR (CDCl3): δ 150.57, 141.88, 
141.34, 140.82, 140.47, 139.41, 130.92, 130.85, 130.06, 128.50, 128.01, 127.62, 127.52, 
126.64, 124.90, 119.46, 54.88, 40.63, 31.86, 29.93, 23.67, 22.98, 14.31. 
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DAF 1 
 
To a stirred solution of 2,7-bis( [1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene (0.90 g, 
1.41 mmol)  in dichloromethane (100 mL) was added a solution of ferric chloride (1.83 g, 
11.28 mmol) dissolved in nitromethane (15 mL). The solution was stirred for 30 min at 
22C. To the resulting mixture was added methanol (20 mL) followed by water (30 mL). 
The product was extracted with dichloromethane, washed with water (50 mL × 3) and 
dried over anhydrous MgSO4 to give crude product that was recrystallized with 
dichloromethane: mehanol (2:1) to give light yellow solid (0.87 g, 97.2 %), m.p. 288-290 
C. 1H NMR (CDCl3): δ 9.24 (2H, s), 8.95 (2H, d, J
 
= 7.5 Hz), 8.81 (2H, d, J
 
= 7.5 Hz),  
8.71 (4H, d, J
 
= 8.0 Hz),  8.67 (2H, s), 7.80-7.65 (8H, m),  2.35–2.27 (4H, m), 1.16–0.92 
(12H, m), 0.82-0.71 (4H, m), 0.70 (6H, t, J
 
= 6.9 Hz). 
13
C NMR (CDCl3): δ 150.42, 
149.73, 149.60, 140.38, 130.52, 130.11, 129.71, 129.67, 127.83, 127.56, 125.35, 125.33, 
123.37, 123.26, 119.35, 119.31, 117.14, 114.26, 55.74, 41.73, 35.36, 35.33, 31.75, 31.67, 
31.62, 29.87, 24.16, 22.69, 14.19; MS : (MALDI) m/z 634.5 (M+). 
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2,7-Bis(3’,4,4’,5-tetramethyl[1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene 
 
The mixture discussed above containing 2-iodo-3’,4,4’,5-tetramethyl-1,1’-
biphenyl (1.52 g, 4.5 mmol) was refluxed for 24 h. After column chromatography on 
silica gel eluting with hexane/ethyl acetate (200:1), pure compound was obtained as 
colorless oil (0.96 g, 63.9 %),  
1
H NMR (CDCl3): δ 7.51 (2H, d, J
 
= 8.6 Hz), 7.24 (4H, d, 
J
 
= 10.9 Hz), 7.14 (2H, d, J
 
= 7.7 Hz), 7.02 (4H, d, J
 
= 11.5 Hz), 6.87 (4H, m), 2.37 (6H, 
s), 2.36 (6H, s), 2.19 (6H, s), 2.15 (6H, s), 1.61 (4H, m), 1.14 (4H, m), 1.00 (4H, m), 0.91 
(4H, m), 0.76 (6H, t, J
 
= 7.2 Hz), 0.56-0.44 (4H, m). 
13
C NMR (CDCl3): δ 150.97, 
148.33, 148.20, 148.19, 147.74, 140.49, 139.02, 134.31, 133.51, 132.91, 128.70, 124.80, 
121.75, 119.30, 113.94, 113.87, 113.77, 110.70, 56.29, 56.25, 55.79, 55.61, 54.83, 40.10, 
31.62, 29.74, 23.91, 22.86, 14.25. 
 
DAF 2 
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To a stirred solution of 2,7-bis(3’,4,4’,5-tetramethyl[1,1'-biphenyl]-2-yl)-9,9-
dihexylfluorene (0.25 g, 0.33 mmol)  in dichloromethane (100 mL) was added a solution 
of ferric chloride (0.43 g, 2.66 mmol) dissolved in nitromethane (15 mL). The solution 
was stirred for 30 min at 22C. To the resulting mixture was added methanol (20 mL) 
followed by water (30 mL). The product was extracted with dichloromethane, washed 
with water (50 mL × 3) and dried over anhydrous MgSO4 to give crude product that was 
recrystallized with chloroform to give colorless solid (0.23 g, 92.5 %), m.p. 386-388 C. 
1
H NMR (CDCl3): δ 9.13 (2H, s), 8.64 (2H, s), 8.57 (2H, s), 8.47 (2H, s), 8.40 (2H, s),  
8.38 (2H, s), 2.64 (6H, s), 2.60 (6H, s), 2.56 (12H, s), 2.34–2.26 (4H, m), 1.16–0.92 
(12H, m), 0.82–0.71 (4H, m),  0.67 (6H, t, J = 7.1 Hz). 13C NMR (CDCl3): δ 150.04, 
140.33, 136.00, 135.93, 135.82, 135.71, 129.59, 129.30, 128.43, 128.33, 128.14, 127.91, 
124.19, 124.90, 123.94, 123.87, 117.00, 114.07, 55.46, 41.98, 31.72, 30.01, 24.19, 22.76, 
20.61, 20.57, 20.56, 14.18; MS : (MALDI) m/z 746.6 (M+). 
 
2,7-Bis(3’,4,4’,5-tetramethoxy[1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene 
O
O O
O
O
O
O
O
 
The mixture discussed above containing 2-bromo-3’,4,4’,5-tetramethoxy-1,1’-
biphenyl (1.59 g, 4.5 mmol) was refluxed for 36 h. After column chromatography on 
silica gel eluting with hexane/ethyl acetate (4:1), pure compound was obtained as 
colorless oil that solidifies on standing (1.02 g, 58.3 %), m.p. 196-198C.  1H NMR 
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(CDCl3): δ 7.52 (2H, d, J
 
= 7.7 Hz), 7.13 (2H, d, J
 
= 7.7 Hz), 7.07 (2H, s), 6.96 (4H, d, J
 
= 4.5 Hz), 6.85 (2H, d, J
 
= 8.2 Hz), 6.75 (2H, d, J
 
= 8.2 Hz), 6.54 (2H, s), 3.96 (12H, s), 
3.82 (6H, s), 3.47 (6H, s), 1.67–1.57 (4H, m), 1.18-1.04 (4H, m), 1.04–0.87 (8H, m), 0.76 
(6H, t, J
 
= 7.3 Hz), 0.45 (4H, m). 
13
C NMR (CDCl3): δ 150.59, 140.54, 139.29, 139.25, 
138.74, 138.28, 136.06, 135.83, 135.67, 134.44, 132.28, 132.17, 131.21, 129.24, 128.52, 
127.54, 124.77, 119.19, 54.83, 40.35, 31.78, 29.97, 23.73, 22.97, 22.88, 19.92, 19.64, 
14.33. 
 
DAF 3 
O
O O
O
O
O
O
O
 
To a stirred solution of 2,7-bis(3’,4,4’,5-tetramethoxy[1,1'-biphenyl]-2-yl)-9,9-
dihexylfluorene (0.50 g, 0.57 mmol) in dichloromethane (30 mL) was added a solution of 
ferric chloride (0.74 g, 4.57 mmol) dissolved in nitromethane (15 mL). The solution was 
stirred for 30 min at 22C. To the resulting mixture was added methanol (20 mL) 
followed by water (30 mL). The product was extracted with dichloromethane, washed 
with water (50 mL × 3) and dried over anhydrous MgSO4 to give crude product that was 
recrystallized with dichloromethane: acetonitrile (2:1) to give colorless solid (0.49 g, 98.2 
%), m.p. 294-296C. 1H NMR (CDCl3): δ 9.05 (2H, s), 8.46 (2H, s), 8.29 (2H, s), 8.11 
(2H, s), 7.86 (4H, s),  4.27 (6H, s), 4.23 (6H, s), 4.17 (12H, s), 2.38–2.28 (4H, m), 1.20–
0.93 (12H, m), 0.84–0.72 (4H, m),  0.72–0.63 (6H, t, J = 6.8 Hz). 13C NMR (CDCl3): δ 
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149.65, 149.61, 149.56, 149.08, 149.06, 139.83, 129.05, 128.74, 124.25, 124.22, 124.14, 
124.08, 116.69, 113.92, 105.76, 105.06, 104.43, 104.41, 56.77, 56.39, 56.24, 56.18, 
55.35, 42.01, 31.70, 29.88, 24.18, 22.67, 14.15; MS : (MALDI) m/z 874.6 (M+). 
 
2,7-Bis(3,4-dimethoxyphenyl) 9,9-dihexylfluorene 
O
O
O
O
 
To a degassed (Ar) solution of 2,7-dibromo-9,9-dihexylfluorene (1.0 g, 2.03 
mmol), 3,4-dimethoxyphenylboronic acid (0.92 g, 5.1 mmol) and Pd(PPh3)4 catalyst (0.11 
g, 0.10 mmol) in 1,2-dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 
solution (20 mL) was added via syringe. The reaction mixture was refluxed for 16 h. 
After cooling, the product was extracted with DCM, washed with water and dried over 
MgSO4
. 
The solvent was evaporated, affording the crude mixture. After column 
chromatography on silica gel eluting with hexane/ethyl acetate (9:1), pure compound 
(1.01 g, 81.8 %) was obtained as a colorless oil. 
1
H NMR (CDCl3): δ 7.61 (2H, d, J
 
= 8.3 
Hz), 7.42 (4H, m), 7.10 (4H, m), 6.84 (2H, d, J
 
= 8.3 Hz), 3.87 (6H, s), 3.80 (6H, s), 
1.99–1.91 (4H, m), 1.04-0.88 (12H, m), 0.70–0.59 (10H, m). 13C NMR (CDCl3): δ 
151.66, 149.23, 148.62, 139.88, 139.75, 134.78, 125.82, 121.21, 119.96, 119.53, 111.54, 
110.56, 56.01, 56.00, 55.26, 40.46, 31.50, 29.72, 23.87, 22.62, 14.07. 
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2,7-Bis(2-bromo-4,5-dimethoxyphenyl) 9,9-dihexylfluorene 
Br Br
O
O
O
O
 
To a stirred solution of 2,7-bis(3,4-dimethoxyphenyl) 9,9-dihexylfluorene (0.90 g, 
1.48 mmol) in dichloromethane (50 mL) and methanol (5 mL) was added pyridinium 
bromide perbromide (1.00 g, 3.11 mmol). The solution was stirred for 90 min at 22C. 
The product was extracted with dichloromethane, washed with 10 % NaOH solution (50 
mL) followed by water (50 mL × 2) and dried over anhydrous MgSO4 to give colorless 
oil (1.03 g, 91.1 %). 
1
H NMR (CDCl3): δ 7.76 (2H, d, J
 
= 7.8 Hz), 7.48 (2H, s), 7.35 (2H, 
d, J
 
= 7.8 Hz), 7.17 (2H, s), 6.97 (2H, s), 3.93 (6H, s), 3.91 (6H, s), 2.09–2.00 (4H, m), 
1.17-1.02 (12H, m), 0.86–0.73 (10H, m). 13C NMR (CDCl3): δ 150.77, 148.78, 148.37, 
140.06, 139.89, 135.33, 129.10, 124.71, 119.47, 115.91, 113.94, 112.83, 56.35, 56.20, 
55.32, 40.34, 31.64, 29.79, 23.91, 22.65, 14.18. 
 
2,7-Bis(3’,4,4’,5-tetramethoxy[1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene 
O
O O
O
O
O
O
O
 
To a degassed (Ar) solution of 2,7-bis(2-bromo-4,5-dimethoxyphenyl) 9,9-
dihexylfluorene (1.0 g, 1.31 mmol), 3,4-dimethoxyphenylboronic acid (0.59 g, 3.27 
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mmol) and Pd(PPh3)4 catalyst (0.11 g, 0.10 mmol) in 1,2-dimethoxyethane (75 mL), a 
solution of  2 M aqueous Na2CO3 solution (20 mL) was added via syringe. The reaction 
mixture was refluxed for 16 h. After cooling, the product was extracted with DCM, 
washed with water and dried over MgSO4
. 
The solvent was evaporated, affording the 
crude mixture. After column chromatography on silica gel eluting with hexane/ethyl 
acetate (4:1), pure compound (1.02 g, 88.6 %) was obtained as colorless oil that solidifies 
on standing m.p. 196-198C.  1H NMR (CDCl3): δ 7.52 (2H, d, J
 
= 7.7 Hz), 7.13 (2H, d, J
 
= 7.7 Hz), 7.07 (2H, s), 6.96 (4H, d, J
 
= 4.5 Hz), 6.85 (2H, d, J
 
= 8.2 Hz), 6.75 (2H, d, J
 
= 
8.2 Hz), 6.54 (2H, s), 3.96 (12H, s), 3.82 (6H, s), 3.47 (6H, s), 1.67–1.57 (4H, m), 1.18-
1.04 (4H, m), 1.04–0.87 (8H, m), 0.76 (6H, t, J = 7.3 Hz), 0.45 (4H, m). 13C NMR 
(CDCl3): δ 150.59, 140.54, 139.29, 139.25, 138.74, 138.28, 136.06, 135.83, 135.67, 
134.44, 132.28, 132.17, 131.21, 129.24, 128.52, 127.54, 124.77, 119.19, 54.83, 40.35, 
31.78, 29.97, 23.73, 22.97, 22.88, 19.92, 19.64, 14.33. 
 
Hexahexyltruxene: As per literature published procedure J. Am. Chem. Soc. 2004, 126, 
13695-13702. 
 
2,7,12-Tribromohexahexyltruxene: As per literature published procedure J. Am. Chem. 
Soc. 2004, 126, 13695-13702. 
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2,7,12-Tris(3,4-dimethoxyphenyl)hexahexyltruxene 
O
O
OO
O
O
 
To a degassed (Ar) solution of tribromo-truxene  (1.08 g, 1.0 mmol), 3,4-
dimethoxyphenylboronic acid (0.82 g, 4.5 mmol) and Pd(PPh3)4 catalyst (0.14 g, 0.12 
mmol, 4 mol.% per C–Br bond) in 1,2-dimethoxyethane (75 mL), a solution of  2 M 
aqueous Na2CO3 solution (20 mL) was added via syringe. The reaction mixture was 
refluxed for 16 h. After cooling, the product was extracted with DCM, washed with water 
and dried over MgSO4
. 
The solvent was evaporated, affording the crude mixture. After 
column chromatography on silica gel eluting with hexane/ethyl acetate (4:1), pure 
compound (1.11 g, 88.4 %) was obtained as a colorless solid. m.p. 143-145C. 1H NMR 
(CDCl3): δ 8.43 (1H, d, J
 
= 8.12 Hz), 7.65 (2H, m), 7.34 (1H, d, J
 
= 8.32 Hz), 7.30 (1H, 
s), 7.04 (1H, d, J
 
= 8.36 Hz), 4.05 (3H, s), 3.98 (3H, s), 3.08–2.97 (2H, m), 2.23–2.12 
(2H, m), 1.04–0.83 (12H, m), 0.66–0.55 (10H, m). 13C NMR (CDCl3): δ 154.50, 149.38, 
148.79, 145.10, 139.44, 139.06, 138.22, 134.59, 125.01, 120.43, 119.59, 111.69, 110.60, 
56.22, 56.21, 55.91, 37.27, 31.69, 29.72, 24.14, 22.49, 14.11.  
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2,7,12-Tris(2-bromo-4,5-dimethoxyphenyl)hexahexyltruxene 
Br Br
Br
O
O
OO
O
O
 
To a stirred solution of 2,7,12-tris(3,4-dimethoxyphenyl)hexahexyltruxene (1.05 
g, 0.84 mmol) in dichloromethane (50 mL) was added pyridinium bromide perbromide 
(0.88 g, 2.76 mmol). The solution was stirred for 1 h at 22C over which yellowish 
brown color was observed. The product was extracted with dichloromethane, washed 
with water (50 mL × 2) and dried over anhydrous MgSO4 to give crude product that was 
recrystallized with dichloromethane: acetonitrile (1:1) to give light yellow solid (1.19g, 
95 %), m.p. 176-178C. 1H NMR (CDCl3): δ 8.43 (1H, d, J
 
= 8.12 Hz), 7.65 (2H, m), 
7.34 (1H, d, J
 
= 8.32 Hz), 7.30 (1H, s), 7.04 (1H, d, J
 
= 8.36 Hz), 4.05 (3H, s), 3.98 (3H, 
s), 3.08–2.97 (2H, m), 2.23–2.12 (2H, m), 1.04–0.83 (12H, m), 0.66–0.55 (10H, m). 13C 
NMR (CDCl3): δ 154.50, 149.38, 148.79, 145.10, 139.44, 139.06, 138.22, 134.59, 
125.01, 120.43, 119.59, 111.69, 110.60, 56.22, 56.21, 55.91, 37.27, 31.69, 29.72, 24.14, 
22.49, 14.11.  
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2,7,12-Tris(3',4',4,5-tetramethoxy[1,1'-biphenyl]-2-yl)hexahexyltruxene 
O
O
OO
OO
O
O
O
O
O
O
 
To a degassed (Ar) solution of 2,7,12-tris(2-bromo-4,5-dimethoxy-
phenyl)hexahexyltruxene  (1.0 g, 0.67 mmol), 3,4-dimethoxyphenylboronic acid (0.55 g, 
3.0 mmol) and Pd(PPh3)4 catalyst (0.09 g, 0.08 mmol, 4 mol.% per C–Br bond) in 1,2-
dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 solution (20 mL) was 
added via syringe. The reaction mixture was refluxed overnight (14 h). After cooling, the 
product was extracted with DCM, washed with water and dried over MgSO4
. 
The solvent 
was evaporated, affording the crude mixture. After column chromatography on silica gel 
eluting with hexane/ethyl acetate (10:3), pure compound (0.91 g, 82.0 %) was obtained as 
a colorless oil. 
1
H NMR (CDCl3): δ 8.19 (1H, d, J
 
= 8.32 Hz), 7.29 (1H, dd, J
 
= 8.12, 1.4 
Hz), 7.12 (1H, d, J
 
= 1.4 Hz), 7.05 (1H, s), 6.99 (1H, s), 6.89 (1H, dd, J
 
= 8.24, 1.96 Hz), 
6.77 (1H, d, J
 
= 8.36 Hz), 6.68 (1H, d, J
 
= 1.96 Hz), 4.0 (3H, s), 3.98 (3H, s), 3.82 (3H, 
s), 3.55 (3H, s), 2.83–2.72 (2H, m), 1.81–1.69 (2H, m), 0.99–0.72 (12H, m), 0.67–0.59 
(6H, t, J
 
= 7.3 Hz), 0.44–0.32 (4H, m). 13C NMR (CDCl3): δ 153.34, 148.35, 148.31, 
148.22, 147.79, 144.99, 139.74, 138.59, 138.11, 134.47, 133.24, 133.00, 127.36, 124.42, 
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124.28, 121.75, 114.03, 113.92, 113.77, 110.74, 56.30, 55.76, 55.54, 55.52, 36.88, 31.72, 
29.58, 23.99, 22.52, 14.20. 
 
Triply-annulated truxene  4 
O
O
OO
OO
O
O
O
O
O
O
 
To a stirred solution of 2,7,12-tris(2(3',4',4,5-tetramethoxy-1,1'-
biphenyl)hexahexyltruxene (0.80 g, 0.48 mmol) in dichloromethane (50 mL) was added a 
solution of ferric chloride (1.41 g, 8.69 mmol) suspended in dichloromethane (50 mL). 
The solution was stirred for 30 min at 22C over which dark green color was observed. 
To the resulting mixture was added methanol (20 mL). The product was extracted with 
dichloromethane, washed with water (50 mL × 3) and dried over anhydrous MgSO4 to 
give crude product that was recrystallized with dichloromethane:methanol (1:1) to give 
colorless solid (0.75g, 94.3 %), m.p. 296-298 C. 1H NMR (CDCl3): δ 9.72 (1H, s), 8.58 
(1H, s), 8.36 (1H, s), 8.24 (1H, s), 7.95 (1H, s), 7.94 (1H, s),  4.38 (3H, s), 4.31 (3H, s), 
4.23 (3H, s), 4.22 (3H, s), 3.58–3.46 (2H, m), 2.57–2.46 (2H, m), 1.08–0.91 (4H, m), 
0.91–0.68 (12H, m), 0.50–0.43 (6H, t, J = 6.4 Hz). 13C NMR (CDCl3): δ 152.09, 149.91, 
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149.48, 149.29, 149.19, 145.90, 139.36, 139.12, 128.18, 128.12, 124.78, 124.52, 124.04, 
123.93, 119.02, 115.70, 106.0, 105.07, 104.69, 104.66, 57.01, 56.43, 56.38, 56.33, 38.43, 
31.67, 29.82, 24.51, 22.36, 13.96; MS : (MALDI) m/z 1658.3 (M+). 
 
1
H NMR spectrum of 2,7-bis( [1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene 
 
 
 
 
 
13
C NMR spectrum of 2,7-bis( [1,1'-biphenyl]-2-yl)-9,9-dihexylfluorene 
 
 
 
 
 
 
 
 
 
 
 
 
PPM  7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR spectrum of 1 
 
 
 
13
C NMR spectrum of 1 
 
 
 
1
H NMR spectrum of 3,3’,4,4’-tetramethyl-1,1'-biphenyl 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
H2O
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  130.0    129.0    128.0    127.0    126.0    125.0    124.0  
PPM   7.0     6.0     5.0     4.0     3.0   
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13
C NMR spectrum of 3,3’,4,4’-tetramethyl-1,1'-biphenyl 
 
 
 
1
H NMR spectrum of 2-iodo-3’,4,4’,5-tetramethyl-1,1'-biphenyl 
 
 
 
13
C NMR spectrum of 2-iodo-3’,4,4’,5-tetramethyl-1,1'-biphenyl 
 
 
 
 
 
 
 
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
PPM   7.0     6.0     5.0     4.0     3.0     2.0   
I
MeOH
PPM   120.0    100.0    80.0     60.0     40.0     20.0   
I
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1
H NMR spectrum of 2,7-bis(3’,4,4’,5-tetramethyl[1,1'-biphenyl]-2-yl)-9,9-
dihexylfluorene 
 
 
 
13
C NMR spectrum of 2,7-bis(3’,4,4’,5-tetramethyl[1,1'-biphenyl]-2-yl)-9,9-
dihexylfluorene 
 
 
  
PPM  7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   148.0   144.0   140.0   136.0   132.0   128.0   124.0   120.0  
PPM   130.0    110.0    90.0     70.0     50.0     30.0     10.0   
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1
H NMR spectrum of 2 
 
 
 
 
 
13
C NMR spectrum of 2 
 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
H2O
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   134.0    132.0    130.0    128.0    126.0    124.0  
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1
H NMR spectrum of 2,7-bis(3,4-dimethoxyphenyl) 9,9-dihexylfluorene 
 
 
 
 
13
C NMR spectrum of 2,7-bis(3,4-dimethoxyphenyl) 9,9-dihexylfluorene 
 
 
 
1
H NMR spectrum of 2,7-bis(2-bromo-4,5-dimethoxyphenyl) 9,9-dihexylfluorene 
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13
C NMR spectrum of 2,7-bis(2-bromo-4,5-dimethoxyphenyl) 9,9-dihexylfluorene 
 
 
 
1
H NMR spectrum of 2-bromo-3’,4,4’,5-tetramethoxy-1,1'-biphenyl 
 
 
 
 
 
 
13
C NMR spectrum of 2-bromo-3’,4,4’,5-tetramethoxy-1,1'-biphenyl 
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1
H NMR spectrum of 2,7-bis(3’,4,4’,5-tetramethoxy[1,1'-biphenyl]-2-yl)-9,9-
dihexylfluorene 
 
 
 
 
13
C NMR spectrum of 2,7-bis(3’,4,4’,5-tetramethoxy[1,1'-biphenyl]-2-yl)-9,9-
dihexylfluorene 
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1
H NMR spectrum of 3 
 
 
 
 
 
 
13
C NMR spectrum of 3 
 
 
 
 
 
O
O O
O
O
O
O
O
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
CH2Cl2 H2O
CH3CN
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   140.0    130.0    120.0    110.0  
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1
H NMR spectrum of 2,7,12-tris(3,4-dimethoxyphenyl)hexahexyltruxene 
 
 
 
 
13
C NMR spectrum of 2,7,12-tris(3,4-dimethoxyphenyl)hexahexyltruxene 
 
 
 
 
 
 
 
PPM  8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
O
O
OO
O
O
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   150.0    140.0    130.0    120.0    110.0  
298 
 
1
H NMR spectrum of 2,7,12-tris(2-bromo-4,5-dimethoxyphenyl)hexahexyltruxene 
 
 
 
 
 
 
 
13
C NMR spectrum of 2,7,12-tris(2-bromo-4,5-dimethoxyphenyl)hexahexyltruxene 
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1
H NMR spectrum of 2,7,12-tris(3',4',4,5-tetramethoxy[1,1'-biphenyl]-2-
yl)hexahexyltruxene 
 
 
 
13
C NMR spectrum of 2,7,12-tris(3',4',4,5-tetramethoxy[1,1'-biphenyl]-2-
yl)hexahexyltruxene 
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1
H NMR spectrum of 4 
 
 
 
13
C NMR spectrum of 4 
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MALDI-TOF mass spectra of final compounds: 
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DAF 3: 
 
DAF 4: 
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Table S1: Crystal data and structure refinement for 1. 
 
 
 
Identification code  raj12t 
Empirical formula  C49 H46 
Formula weight  634.86 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P 21/n 
Unit cell dimensions a = 15.3510(2) Å = 90°. 
 b = 13.7088(2) Å = 102.9050(10)°. 
 c = 17.3567(2) Å  = 90°. 
Volume 3560.35(8) Å3 
Z 4 
Density (calculated) 1.184 Mg/m3 
Absorption coefficient 0.498 mm-1 
F(000) 1360 
Crystal size 0.28 x 0.23 x 0.14 mm3 
Theta range for data collection 3.48 to 67.80°. 
Index ranges -18<=h<=17, 0<=k<=16, 0<=l<=20 
Reflections collected 29572 
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Independent reflections 6326 [R(int) = 0.0179] 
Completeness to theta = 67.80° 97.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9335 and 0.8731 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6326 / 0 / 445 
Goodness-of-fit on F2 1.017 
Final R indices [I>2sigma(I)] R1 = 0.0461, wR2 = 0.1213 
R indices (all data) R1 = 0.0496, wR2 = 0.1237 
Extinction coefficient 0.00029(9) 
Largest diff. peak and hole 0.585 and -0.224 e.Å-3 
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Table S2: Crystal data and structure refinement for 2. 
 
 
Identification code  raj14c 
Empirical formula  C57 H62 
Formula weight  747.07 
Temperature  180(2) K 
Wavelength  1.54178 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions a = 11.9336(3) Å = 104.1040(10)°. 
 b = 13.2516(3) Å = 98.5230(10)°. 
 c = 14.6397(3) Å  = 99.4490(10)°. 
Volume 2171.57(9) Å3 
Z 2 
Density (calculated) 1.143 Mg/m3 
Absorption coefficient 0.476 mm-1 
F(000) 808 
Crystal size 0.25 x 0.15 x 0.08 mm3 
Theta range for data collection 3.17 to 67.84°. 
Index ranges -14<=h<=13, -15<=k<=15, 0<=l<=17 
Reflections collected 18000 
Independent reflections 7388 [R(int) = 0.0225] 
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Completeness to theta = 67.84° 98.8 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9629 and 0.8903 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7388 / 0 / 522 
Goodness-of-fit on F2 1.030 
Final R indices [I>2sigma(I)] R1 = 0.0607, wR2 = 0.1593 
R indices (all data) R1 = 0.0807, wR2 = 0.1739 
Largest diff. peak and hole 0.460 and -0.413 e.Å-3 
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Table S3: Crystal data and structure refinement for 3. 
 
 
Identification code  raj13c 
Empirical formula  C58.40 H64.10 Cl0.30 N0.70 O8 
Formula weight  914.44 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions a = 10.7597(2) Å = 114.3170(10)°. 
 b = 14.3272(3) Å = 98.5620(10)°. 
 c = 17.3778(3) Å  = 91.6410(10)°. 
Volume 2401.97(8) Å3 
Z 2 
Density (calculated) 1.264 Mg/m3 
Absorption coefficient 0.809 mm-1 
F(000) 977 
Crystal size 0.34 x 0.18 x 0.06 mm3 
Theta range for data collection 2.83 to 67.46°. 
Index ranges -12<=h<=12, -16<=k<=14, 0<=l<=20 
Reflections collected 19538 
308 
 
Independent reflections 8109 [R(int) = 0.0279] 
Completeness to theta = 67.46° 98.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9531 and 0.7705 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8109 / 0 / 614 
Goodness-of-fit on F2 1.060 
Final R indices [I>2sigma(I)] R1 = 0.0617, wR2 = 0.1735 
R indices (all data) R1 = 0.0797, wR2 = 0.1838 
Extinction coefficient 0.0010(2) 
Largest diff. peak and hole 1.289 and -0.717 e.Å-3 
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Table S4: Crystal data and structure refinement for 1-Chloranil complex. 
 
 
Identification code  raj14h 
Empirical formula  C56 H48 Cl6 O2 
Formula weight  965.64 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  C 2/c 
Unit cell dimensions a = 32.2789(11) Å = 90°. 
 b = 11.2973(4) Å = 116.021(2)°. 
 c = 28.1067(10) Å  = 90°. 
Volume 9210.6(6) Å3 
Z 8 
Density (calculated) 1.393 Mg/m3 
Absorption coefficient 3.745 mm-1 
F(000) 4016 
Crystal size 0.25 x 0.19 x 0.07 mm3 
Theta range for data collection 3.05 to 67.49°. 
Index ranges -37<=h<=34, 0<=k<=13, 0<=l<=33 
Reflections collected 36990 
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Independent reflections 7954 [R(int) = 0.0474] 
Completeness to theta = 67.49° 98.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7795 and 0.4545 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7954 / 0 / 577 
Goodness-of-fit on F2 1.006 
Final R indices [I>2sigma(I)] R1 = 0.0618, wR2 = 0.1577 
R indices (all data) R1 = 0.0785, wR2 = 0.1721 
Largest diff. peak and hole 1.316 and -1.047 e.Å-3 
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Table S5: Crystal data and structure refinement for 4. 
 
 
Identification code  raj14g 
Empirical formula  C139 H164 O12 
Formula weight  2026.70 
Temperature  180(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P 21/n 
Unit cell dimensions a = 13.5046(3) Å = 90°. 
 b = 34.5183(7) Å = 95.0720(10)°. 
 c = 25.1816(6) Å  = 90°. 
Volume 11692.6(4) Å3 
Z 4 
Density (calculated) 1.151 Mg/m3 
Absorption coefficient 0.556 mm-1 
F(000) 4376 
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Crystal size 0.43 x 0.40 x 0.21 mm3 
Theta range for data collection 3.11 to 68.19°. 
Index ranges -15<=h<=15, 0<=k<=41, 0<=l<=29 
Reflections collected 97796 
Independent reflections 20924 [R(int) = 0.0271] 
Completeness to theta = 68.19° 97.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8922 and 0.7960 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 20924 / 174 / 1335 
Goodness-of-fit on F2 0.910 
Final R indices [I>2sigma(I)] R1 = 0.0588, wR2 = 0.1685 
R indices (all data) R1 = 0.1049, wR2 = 0.1734 
Largest diff. peak and hole 0.458 and -0.382 e.Å-3 
CHAPTER 5 
 
 
 
Versatile syntheses of multi-branched polycyclic aromatic 
hydrocarbons via annulation method based on 2-step 
Suzuki/Scholl protocol 
 
 
 
 
 
 
 
 
Abstract: Versatile syntheses of a new class of highly soluble 1-dimensional PAHs 
comparable to the size of HBC and 2-dimensional PAHs are described. Unlike the synthesis 
of HBC, different sites are used to functionalize the core while solubilizing groups are 
attached at different site. Optoelctronic properties show the electronic communication both in 
1 and 2-dimensional PAHs. The ability of  these PAHs to be functionalized further, allows 
them to act as polycyclic aromatic hubs that can be utilized for the preparation of dendritic 
structures.  
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INTRODUCTION 
 
 Polycyclic aromatic hydrocarbons (PAHs) are of considerable interest owing to 
their potential applications as charge-transport materials in modern photovoltaic devices 
such as light-emitting diodes, field-effect transistors, liquid crystal displays and solar 
cells.
1
 Amongst the various PAHs, the graphitic PAHs based on hexa-peri-
hexabenzocoronenes (HBCs) continue to attract tremendous attention; and considerable 
synthetic effort has been devoted by Müllen and coworkers
2
 and others
3
 for the 
preparation of these graphitic materials. Although, the parent HBC is readily synthesized 
by oxidative cyclodehydrogenation of readily-available hexaphenylbenzene, the resulting 
HBC is completely insoluble in most common organic solvents.
2
 Preparation of soluble 
HBC derivative thus necessitates the installation of bulky or long alkyl chains at the 
vertices of HBC core which, unfortunately, requires multi-step synthesis of the precursors 
of these HBCs (see Figure 1).
2
 
 Quest for new PAHs comparable to the size of HBC that can easily be prepared 
from readily available starting materials is thus imperative. Our continuous interest in 
preparation of charge transport materials utilizing fluorene framework led us to 
conjecture that if it could be suitably exploited, we should be able to design relatively 
large polycyclic aromatic hubs (Structure C in Figure 1) for the construction of dendritic 
structures without compromising the solubility of the resulting compounds.  
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Figure 1. Comparing the size of triphenylene (A), HBC (B) with that of 
proposed PAH (C). 
 
 The unique molecular structure of fluorene provides a platform for the attachment 
of groups at C2/C7 for palladium-catalyzed coupling reactions (generally for the 
preparation of linear polyfluorene molecular wires
4
 and at C9 for nucleophilic substitution 
reactions for imparting solubility in various polyfluorene derivatives as well as the 
synthesis of cofacially stacked polyfluorenes
5
. However, C3/C6 positions of fluorene 
framework remain largely unexplored. 
 
  
B
A
C
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Figure 2. Sites for attachment of groups by different C-C bond forming 
reactions in the fluorene framework.  
 
 We envisioned that by accessing the C2/C7 and C3/C6 positions of fluorene in 
succession via Suzuki/Scholl protocol, one can readily construct PAHs comparable to the 
size of HBCs. In addition, utilization of C9 position for the attachment of solubilizing 
alkyl groups should allow the birth of a new class of PAHs (Structures B and C in Figure 
3) which will be readily soluble in common organic solvents. Availability of these PAHs 
not only will allow the effective exploration of their optoelectronic properties in solution 
but the ready processability of these materials will spur interest of others for potential 
usage  in devices. Thus, we conjectured that if we begin with a backbone that contains 
two bromo groups at positions ortho to each other, and attach two fluorene groups to it 
via Suzuki coupling reaction; we shall later be able to connect the two fluorenes by 
oxidative cyclization thereby increasing the size of the polyaromatic core in the process 
(Scheme 1). 
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Scheme 1. Synthetic scheme for the preparation of PAH 3. 
 
 Thus, we decided to utilize two ortho substituted dibromo derivatives – 1,2,4,5-
tetrabromobenzene and  2,3,6,7,10,11-hexabromotriphenylene to prepare large one 
dimensional PAHs comparatively bigger in size than HBC (Figure 3).  Later, the 
synthetic methodology was used to extend triptycene – a 2-dimensional molecule that is 
known to show electronic communication between the three phenyl groups
6
 and allows 
easy bromination to yield 2,3,6,7,12,13-hexabromotriptycene. The resulting PAH was 
therefore conjectured to serve as hubs for creating dendritic structures which allows 
electronic communication in 2-dimensions. The electronic communication in the 
resulting structures was verified by studying the optical properties of the resulting PAHs 
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as well as the radical cations obtained upon one electron oxidation of their neutral 
counterparts. 
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Figure 3. Large polycyclic aromatic hubs (B and C) that can be prepared 
by employing the Suzuki/Scholl protocol. HBC (A) is drawn for 
comparison. 
 
 The versatility of the resulting polycyclic aromatic structures was demonstrated 
by brominating the unsubstituted (C7 of the original fluorene) position of the fluorene 
moieties which can then allow the ready installation of a variety of electro-active 
functionalities via standard Pd-catalyzed coupling. As an example, the bromination was 
succeeded by attachment of an electro-active 2,4-dimethoxymethylphenyl group by 
Suzuki coupling reaction.  
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RESULTS and DISCUSSION 
 
 In order to obtain the various PAHs, we resorted to the synthetic route illustrated 
in Scheme 1. A twofold Suzuki coupling of 1,2-dibromo-4,5-dimethylbenzene  with the 
boronic ester of 2-bromo-9,9-dihexylfluorene obtained in situ, afforded 2 in good yield.  
A subsequent FeCl3 mediated Scholl reaction resulted in the bond formation between the 
two C3 groups of fluorene units leading to the polyaromatic hub 3.  The unexploited C7 
position of the original 1 can then functionalized either by the bromination of 3 or its 
uncyclized precursor 2, to form 5 in very good yields. 
  Next, the synthetic methodology was applied to 1,2,4,5-tetrabromobenzene 
backbone to envision a larger PAH 7. Hence, a four-fold Pd(0) catalyzed Suzuki coupling 
of 1,2,4,5-tetrabromobenzene with the boronic ester of 2-bromo-9,9-dihexylfluorene 
obtained in situ, afforded 6 in good yields. Cyclization was concluded by utilizing 
oxidative C—C bond forming Scholl reaction using FeCl3 dissolved in nitromethane to 
afford 7 in high yields (Scheme 2). 
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Scheme 2. Synthetic route to PAH 7. 
 
 
 The successful synthesis of 3 and 7 allowed us to explore bigger backbones for 
applying our protocol for the preparation of even larger PAHs. Triphenylene and its 
derivatives have been extensively investigated due to their tendency to aggregate into 
columnar arrays which can display liquid crystalline properties.
7
 Also, some triphenylene 
derivatives have shown promising results towards their use in molecular electronic 
devices.
6
 We therefore used triphenylene core as the backbone for the synthesis of the 
next PAH. The triphenylene core was easily brominated to 2,3,6,7,10,11-
hexabromotriphenylene (8) by a literature reported procedure.
8
 A six-fold Suzuki 
coupling of 8 with the boronic ester of 2-bromo-9,9-dihexylfluorene obtained in situ, 
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afforded 9 in good yield. A facile cyclization using Scholl reaction afforded 10 in good 
yields (Scheme 3).   
Scheme 3. Synthetic route to PAH 10. 
 
 
 
 As an extension of the synthetic methodology to prepare 2-dimensional PAHs, a 
six-fold Suzuki coupling of 2,3,6,7,12,13-hexabromotriptycene with the boronic ester of 
2-bromo-9,9-dihexylfluorene, afforded 16 in good yield.  A subsequent cyclization using 
Scholl reaction afforded 17 in good yields (Scheme 4). In contrast to HBCs, the 
synthesized PAHs 3, 7, 10 and 19 as well as all intermediates were easily characterized 
by 
1
H/
13
C NMR spectroscopy due to sharp and easily distinguishable peaks (see 
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Experimental section) and the structure of final compounds were also confirmed by 
MALDI-TOF mass spectroscopy. 
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Scheme 4. Synthetic route to PAH 19. 
 
 
Absorption/emission spectroscopy of PAHs 3, 7, 10 and 19 
  The optical properties of PAHs were evaluated with the aid of UV-vis and 
emission spectroscopy as follows. The electronic absorption spectra were recorded in 
dichloromethane solutions under the conditions of identical concentration (10
-5
 M) and 
temperature (22 °C) and are compiled in Figure 4. All PAHs showed highly structured 
absorption bands which shifted bathochromically going from 3 to 7 to 10, in accordance 
with the increase in size of chromophore. In case of triptycene derived PAH 19, the 
position of absorption band resembled that of 3, due to the unconjugated nature of the 
three chromophores while the intensity of absorption bands showed an expected increase 
of about 3-fold.  
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Figure 4. A. Comparison of the electronic absorption spectra and molar 
absorptivities of PAHs 3, 7, 10 and 19 in CH2Cl2 solution at 22 C. B. 
Normalized emission spectra of 5  10-6 M PAHs (as indicated) in CH2Cl2 
solution at 22 C. 
 
 The emission spectra of 3, 7, 10 and 19 recorded under conditions of constant 
concentration (5  10-6 M solution in dichloromethane) and temperature (22 °C) showed 
well defined vibrational structure (Figure 4B), with the position of emission maxima 
shifting towards red from 3 to 7 to 10. As observed in absorption spectroscopy, the 
emission band of 19 did not show any appreciable shift from that of 3. The fluorescence 
quantum yields were determined using 9,10-diphenylanthracene (Φ = 0.91) as a standard 
(see Experimental for the details) which varied from 0.25, 0.24, 0.30 and 0.19 for 3, 7, 10 
and 19 respectively (see Table 1). 
 
 
Electrochemistry  
 The redox properties of PAHs were determined by electrochemical oxidation at a 
platinum electrode as 1 × 10
-3
 M solution in anhydrous dichloromethane containing 0.2 
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M tetra-n-butylammonium hexaflurophosphate (TBAH) as the supporting electrolyte. 
The electrochemical oxidations of 3, 7 and 10 were completely reversible for the removal 
of the first electron at varying scan rates of 50–500 mV s-1; all anodic/cathodic peak 
current ratios were Ia/Ic = 1.0 (theoretical) at room temperature (Figure 5). A quantitative 
evaluation of the CV peaks and peak currents with added ferrocene (as an internal 
standard, Eox = 0.45 V vs. SCE) revealed that the first wave in the reversible cyclic 
voltammograms of 3, 7 and 10 corresponds to the production of the mono cation radical 
(by transfer of one electron) at Eox1 = 1.29, 1.22, and 1.22 (V vs. SCE), respectively. The 
cyclic voltammogram of 19 show quasi reversible first oxidation wave at Eox1 = 1.31V. 
The second oxidation wave in all the PAHs was found to be irreversible. A comparison of 
the first oxidation potential of 3 and 7 shows that with the increase in size of 
chromophore, both Eox1 and Eox2 values decrease. A further increase in the size of 
chromophore in 10 does not cause any decrease in first oxidation potential while the Eox2 
value decreases. Thus, upon increasing the extent of PAH from 3 to 7 to 10, the 
difference between the first and second oxidation potential i.e. the ∆Eox value changed 
from 0.41 V to 0.34 to 0.29 mV, respectively.  
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Figure 5. Cyclic Voltammograms of 1 × 10
-3
 M solutions of 3, 7, 10 and 
19 in CH2Cl2 containing 0.2 M n-Bu4NPF4 at a scan rate of 100 mV s
-1 
at 
22 °C. 
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Generation of the cation radicals and their electronic spectroscopy.  
 The electrochemical reversibility of 1-electron oxidation of PAHs allowed the 
preparation and study of their cation-radical salts solutions in dichloromethane from 
robust aromatic cation-radical salts derived from a hindered naphthalene NAP
+
 
SbCl6
¯
(Ered ~1.34 V vs SCE),
9
  
 
 For example, the cation radical 3
+
 SbCl6
¯
 was generated by incremental addition 
of sub-stoichiometric amounts of  3 to 4.88 × 10
-5
 M NAP
+
 SbCl6
¯
 [λmax (log ε) = 672 
nm (3.97)] in dichloromethane at 22 C (Figure 6A). Moreover, a plot of formation of 3+ 
(i.e. increase of absorbance at 1404 nm) and a concomitant consumption of NAP
+
 (i.e. 
decrease of absorbance at 672 nm) against the increments of added neutral 3 (Figure 6A, 
Inset) established that NAP
+ was completely consumed after addition of   1 equivalent of 
3 and the resulting absorption spectrum of the green colored 3
+ 
showed well defined 
isosbestic points at 508 and 701 nm with absorption bands at λ (ε) = 1404 nm (4,164), 
1182 (3,071), 906 (19,561), 802 (7,196), 484 (18,980), 456 (12,659), 410 (14,654) 
remained unchanged upon further addition of neutral 3, i.e. eq. 1:  
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  The cation radical 7
+
 SbCl6
-
 of relatively larger PAH 7 was similarly generated 
by an incremental addition of sub-stoichiometric amounts of  7 to 2.86 × 10
-5
 M NAP
+
 
SbCl6
-
 in dichloromethane at 22 C (Figure 6B). In accordance with the observations 
made in absorption-emission spectroscopy of their neutral counterpart, the NIR 
absorption band in 7
+ shows a red shift at λmax (ε) = 1562 nm (35,696) in comparison to 
that of 3
+
. Further, a plot of formation of 7
+ 
(i.e. increase of absorbance at 1562 nm) and 
a concomitant consumption of NAP
+
 (i.e. decrease of absorbance at 672 nm) against the 
increments of added neutral 7 established that NAP
+ was completely consumed after 
addition of   1 equivalent of 7 and the resulting absorption spectrum of the pink colored 
3
+ 
showed well defined isosbestic points at 603 and 709 nm with absorption bands at λ 
(ε) = 1562 nm (35,696), 1026sh (7393), 548 (39,544), 514 (26,993), 456sh remained 
unchanged upon further addition of neutral 3. Likewise, the absorption spectrum of the 
pinkish red colored 10
+ 
showed well defined isosbestic points at 605 and 709 nm with 
red shifted absorption bands at λ (ε) = 1938 nm (47,202), 568, 528, 488  nm (Figure 6C). 
Thus, in accordance with the observations made in absorption-emission spectroscopy of 
their neutral counterparts, an increase in absorption intensity as well as red shift in 
absorption bands was observed. For example, the NIR absorption band changes from λ 
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(ε) = 1404 nm (4,164) in 3+ to λ (ε) = 1562 nm (35,696) in 7+ and further to λ (ε) = 1938 
nm (47,202) in 10+ consistent with the increase in size of the chromophore. 
 
Figure 6. Spectral changes observed upon the reduction of A. 4.88 x 10
-5
 
M NAP
+●
 (blue line) by an incremental addition of 3 to its radical cation 
(green line). INSET: A plot of change in absorbance of 3
•+
 (▼ at 1404 nm) 
and NAP
 •+
 (● at 672 nm) against the equivalent of added 3. B. 2.86 x 10-5 
M NAP
+●
 (blue line) by an incremental addition of 7 to its radical cation 
(pink line). INSET: A plot of change in absorbance of 7
•+
 (▼ at 1562 nm) 
and NAP
 •+
 (abs. × 4, ● at 672 nm) against the equivalent of added 7. C. 
2.56 x 10
-5
 M NAP
+●
 (blue line) by an incremental addition of 10 to its 
radical cation (red line). INSET: A plot of change in absorbance of 10
•+
 
(▼ at 1938 nm) and NAP
 •+
 (abs. × 4, ● at 672 nm) against the equivalent 
of added 10. All titrations performed in CH2Cl2 at 22 °C.  
 
 The three phenyl rings in triptycene has been shown to communicate which can 
readily be observed by intervalence NIR transition in the absorption spectrum of the 
monocation radical of a suitably substituted triptycene.
6
 Hence, in case of triptycene 
derived PAH 19, due to the unconjugated nature of the three chromophores, it is expected 
that the absorption spectra of the monocation radical will show a resemblance with that of 
3
+
, with an additional NIR absorption. Indeed,  the absorption spectra of the green 
colored cation radical 19
+
 SbCl6
¯
, generated by incremental addition of sub-
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stoichiometric amounts of  19 to 3.72 × 10
-5
 M NAP
+
 SbCl6
¯
 in dichloromethane at 22 
C (Figure 7) showed similarity with the absorption spectra of 3+ with an additional band 
at λmax > 2500 nm. Additionally, a plot of formation of 19
+ 
(i.e. increase of absorbance at 
1336 nm) and a concomitant consumption of NAP
+
 (i.e. decrease of absorbance at 672 
nm) against the increments of added neutral 19 (Figure 7, Inset) established that NAP
+ 
was completely consumed after addition of   1 equivalent of 19 and the resulting 
absorption spectrum of the green colored 19
+ 
showed well defined isosbestic points at 
520 and 697 nm with absorption bands at λ (ε) = >2500 nm (12,576), 1336 (6,144), 870 
(12,467), 784 sh, 492 nm remained unchanged upon further addition of neutral 19.   
 
Figure 7. Spectral changes observed upon the reduction of 3.72 x 10
-5
 M 
NAP
+●
 (blue line) by an incremental addition of 19 to its radical cation 
(green line). INSET: A plot of change in absorbance of 19
•+
 (▼ at 1336 
nm) and NAP
 •+
 (● at 672 nm) against the equivalent of added 19 in 
CH2Cl2 at 22 °C. 
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 In order to demonstrate the versatility of these PAHs in further functionalization, 
we decided to functionalize 7, 10 and 19. A simple bromination procedure utilizing 
bromine with catalytic amount of iodine however resulted in unidentifiable mixture of 
products. We thus decided to brominate the precursors of 7, 10 and 19 i.e. 6, 9 and 18, 
respectively. All three prucorsors – 6, 9 and 18 underwent smooth bromination under 
analogous conditions used for 7, 10 and 19 to give 11, 14 and 20, respectively (Schemes 
4-7).  A subsequent FeCl3 mediated oxidative cyclization of 11, 14 and 20 resulted in 
bromine functionalized PAHs 12, 15 and 21, respectively, thereby providing a platform 
for further appending the electro-active groups for the preparation of dendritic structures. 
As an example, a fourfold Suzuki coupling of 12, 15 and 21 with 2,5-dimethoxy-4-
methylphenylboronic acid afforded PAHs 13, 16 and 22 in good yields. The final 
compounds as well as intermediates were easily characterized by 
1
H/
13
C NMR 
spectroscopy and the structure of 12 was also confirmed by X-ray crystallography. 
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Scheme 5. Synthetic route to PAH 13. 
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Scheme 6. Synthetic route to PAH 16. 
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Scheme 7. Synthetic route to PAH 22. 
 
 Thus, we have successfully synthesized new class of large planar PAHs that are 
highly soluble. The versatility of these PAHs lie in the fact that unlike HBC where the 
vertices are used both for functionalizing the core as well as for attachment of solvating 
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alkyl groups, different sites are used to functionalize the core while solubilizing groups 
are attached to different site. This allows the new PAHs to be functionalized further to 
make bigger PAHs or attach electroactive groups without compromising the solubility of 
the resulting products. Further, as against HBCs, these compounds can easily be 
characterized by 
1
H and 
13
C NMR spectroscopy. We conjecture that the presence of 
electroactive groups at the two ends of 16 should make the charge transport possible over 
considerably long distances (see structure below).  
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Table 1: Optical and electrochemical data for PAH 3, 7, 10 and 19. 
 
Model
F2
Benzene
F4
Triphenylene
F6
Triptycene
F6
Eox V vs SCE V
1.29
1.70
1.22
1.56
1.22
1.51
1.32
1.74
max
(UV-vis)
nm 345 382 395 352
 max M -1cm-1 55,365 166,068 194,248 225,254
max
(emission)
nm
374, 394,
416
420, 430,
444
430, 442,
454
378, 388,
398
Florescence 
quantum yield
0.25 0.24 0.30 0.19
Emission lifetime ns 12.6 11 8.5 12.5
max
CR+
nm
906, 
1182,
1404
548, 
1026 sh,
1562
568,
1938
870, 
1336,
>2500
 max CR
+ M -1cm-1
19561,
3071,
4164
39544,
7393,
35696
37957,
47202
12467,
6144,
12576
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EXPERIMENTAL 
 
General Experimental Methods and Materials. All reactions were performed under 
argon atmosphere unless otherwise noted. All commercial reagents were used without 
further purification unless otherwise noted. Compounds 3-7 and 9-16 were prepared by 
Dr. Ruchi Shukla. Dichloromethane (Aldrich) was repeatedly stirred with fresh aliquots 
of concentrated sulfuric acid (~10 % by volume) until the acid layer remained colorless. 
After separation it was washed successively with water, aqueous sodium bicarbonate, 
water, and aqueous sodium chloride and dried over anhydrous calcium chloride. The 
dichloromethane was distilled twice from P2O5 under an argon atmosphere and stored in 
a Schlenk flask equipped with a Teflon valve fitted with Viton O-rings. The hexanes and 
toluene were distilled from P2O5 under an argon atmosphere and then refluxed over 
calcium hydride (~12 h). After distillation from CaH2, the solvents were stored in 
Schlenk flasks under an argon atmosphere. Tetrahydrofuran (THF) was dried initially by 
distilling over lithium aluminum hydride under an argon atmosphere. The THF was 
further refluxed over metallic sodium in the presence of benzophenone until a persistent 
blue color was obtained and then it was distilled under an argon atmosphere and stored in 
a Schlenk flask equipped with a Teflon valve fitted with Viton O-rings. NMR spectra 
were recorded on Varian 300 and 400 MHz NMR spectrometers.  
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Synthesis of PAHs. 
Synthesis of 3:  
 
 To a solution of 2-bromo-9,9-dihexylfluorene (5.0 g, 12.1 mmol) in dry THF (75 
mL) at –78 °C in a 500 mL Schlenk flask, was added n-BuLi (7.4 mL, 2.5 M in hexane, 
18.5 mmol) under an argon atmosphere. After stirring the reaction mixture for 1h at –78 
o
C, triisopropylborate (3.3 mL, 20 mmol) was added dropwise and reaction was allowed 
to warm up to room temperature (22 °C) over a period of 12h. To this solution at room 
temperature were then added anhydrous toluene (75 mL), ethanol (75 mL), 2M  sodium 
carbonate (50 mL), 1,2-Dibromo-4,5-dimethylbenzene (1.0 g, 3.79 mmol) and Pd(PPh3)4 
(0.20 g, 0.17 mmol) under an argon atmosphere, and the resulting mixture was refluxed 
for 24 hours. After cooling to room temperature, the reaction mixture was poured into 
water (250 mL) and extracted with dichloromethane (3 x 30 mL) and dried over 
anhydrous MgSO4
. 
The solvent was evaporated, affording the crude mixture. After 
column chromatography on silica gel eluting with hexane, pure compound (2.65 g, 91 %) 
was obtained as colorless oil. 
1
H NMR (400 MHz, CDCl3, δ) 7.49 (m, 2H), 7.39 (d, J = 
7.8 Hz, 2H), 7.22 (s, 2H), 7.15 (m, 6H), 7.08 (m, 4H), 0.48 (m, 8H), 2.29 (s, 6H), 2.0 (m, 
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8H), 0.66 (t, J = 7.2 Hz, 12H), 0.93 (m, 24H); 
13
C NMR (100 MHz, CDCl3, δ) 150.98, 
150.57, 141.11, 140.62, 139.51, 138.68, 136.06, 132.49, 128.84, 126.94, 126.80, 124.72, 
122.85, 119.84, 119.28, 55.07, 40.59, 31.80, 29.91, 23.97, 22.85, 19.67, 14.29. 
 
Synthesis of 4:  
 
 
 To a stirred solution of 3 (0.20 g, 0.26 mmol) in 50 mL dry dichloromethane 
under argon atmosphere, was added drop wise, a solution of FeCl3 (0.17 g, 1.04 mmol) in 
nitromethane (5 mL). The resulting reaction mixture was stirred at room temperature for 
10 minutes after which the reaction was quenched with methanol (5 mL). The contents 
were then poured in water (100 mL), organic layer was separated and the aqueous layer 
was further extracted with dichloromethane (2 x 20 mL). The organic layers were 
combined, dried over magnesium sulfate and evaporated under reduced pressure. After 
column chromatography on silica gel eluting with hexane/ethyl acetate (99:1), pure 
compound (0.18 g, 90 %) was obtained as an off white solid. m.p. 172-176 °C; 
1
H NMR 
(400 MHz, CDCl3, δ) 9.11 (s, 2H), 8.58 (s, 2H), 8.52 (s, 2H), 8.08 (d, J = 7.3 Hz, 2H), 
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7.45 (m, 6H), 2.63 (s, 6H), 2.19 (m, 8H), 1.09 (m, 24H), 0.75 (m, 20H); 
13
C NMR (100 
MHz, CDCl3, δ) 151.45, 149.79, 141.27, 140.65, 136.05, 129.61, 129.30, 128.57, 127.70, 
127.15, 124.18, 123.22, 120.27, 116.92, 114.01, 55.43, 41.33, 31.73, 29.98, 24.05, 22.77, 
20.61, 14.21; MS : (MALDI) m/z 768.6 (M+). 
 
Synthesis of 5: 
 
 
 To a stirred solution of 4 (0.3 g, 0.39 mmol) in dichloromethane (50 mL) at room 
temperature, a crystal of iodine was added.  A solution of bromine (0.13 g, 0.82 mmol) in 
dichloromethane (5 mL) was added drop wise to this stirring solution over a period of 5 
minutes. The reaction mixture was stirred further for 2 hours and then quenched with 10 
% sodium bisulfite solution (25 mL). The organic layer was separated, and washed 
successively with water and brine, dried over magnesium sulfate and evaporated under 
reduced pressure. After column chromatography on silica gel eluting with hexane/ethyl 
acetate (99:1), pure compound (0.32 g, 89 %) was obtained as an off white solid; m.p. 
210-212 °C; 
1
H NMR (300 MHz, CDCl3, δ) 9.01 (s, 2H), 8.53 (s, 2H), 8.48 (s, 2H), 7.90 
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(d, J = 7.9 Hz, 2H), 7.58 (m, 4H), 2.61 (s, 6H), 2.13 (m, 8H), 1.09 (m, 24H), 0.72 (m, 
20H); 
13
C NMR (75 MHz, CDCl3, δ) 153.71, 149.45, 140.25, 139.56, 136.39, 130.39, 
129.69, 129.58, 128.49, 126.54, 124.24, 121.75, 121.62, 117.04, 114.17, 55.81, 41.20, 
31.70, 29.88, 24.02, 22.75, 20.61, 14.19; MS : (MALDI) m/z 926.4 (M+). 
 
Synthesis of 6:  
 
 To a solution of 2-bromo-9,9-dihexylfluorene (12.6 g, 30.43 mmol) in dry THF (75 mL) 
at –78 °C in a 500 mL Schlenk flask, was added n-BuLi (15.00 mL, 2.5 M in hexane, 
37.50 mmol) under an argon atmosphere. After stirring the reaction mixture for 1h at –78 
o
C, triisopropylborate (7.5 mL, 40 mmol) was added dropwise and reaction was allowed 
to warm up to room temperature (22 °C) over a period of 12h. To this solution at room 
temperature were then added anhydrous toluene (75 mL), ethanol (75 mL), 2M  sodium 
carbonate (50 mL), 1,2,4,5-tetrabromobenzene (2.0 g, 5.08 mmol) and Pd(PPh3)4 (0.20 g, 
0.17 mmol) under an argon atmosphere, and the resulting mixture was refluxed for 24 
hours. After cooling to room temperature, the reaction mixture was poured into water 
(250 mL) and extracted with dichloromethane (3 x 50 mL). The organic layers were 
combined, dried over magnesium sulfate and evaporated under reduced pressure. The 
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resulting crude material (1) was purified by recrystallization with dichloromethane and 
methanol. Yield (6.3 g, 88 %); m.p. 168-170 °C; 
1
H NMR (300 MHz, CDCl3, δ) 7.72 (m, 
2H), 7.61 (m, 4H), 7.56 (d, 4H), 7.30 (m, 20H), 1.80 (m, 8H), 1.00 (m, 24), 0.75 (t, 12H), 
0.60 (m, 8H); 
13
C NMR (75 MHz, CDCl3, δ) 151.02, 150.80, 140.91, 140.30, 140.03, 
139.91, 133.68, 128.90, 127.07, 126.84, 124.79, 122.94, 119.91, 119.45, 55.12, 40.57, 
31.78, 29.89, 24.02, 22.80, 14.24. 
Synthesis of 7:  
 
To a stirred solution of 6 (1.00 g, 0.71 mmol) in 50 mL dry dichloromethane under argon 
atmosphere, cooled to 0 
o
C in ice/acetone bath, was added drop wise, a solution of FeCl3 
(0.69 g, 4.26 mmol) in nitromethane (5mL). The resulting reaction mixture was stirred at 
0 °C for 30 minutes after which the reaction was quenched with methanol (2 mL). The 
contents were then poured in water (100 mL), organic layer was separated and the 
aqueous layer was further extracted with dichloromethane (2 x 20 mL). The organic 
layers were combined, dried over magnesium sulfate and evaporated under reduced 
pressure. The resulting crude material was purified by recrystallization with 
dichloromethane and acetonitrile. Yield (0.90 g, 92 %); m.p. 248-250 
o
C; 
1
H NMR (300 
MHz, CDCl3, δ) 9.98 (s, 2H), 9.13 (s, 4H), 8.88 (s, 4H), 8.10 (d, 4H), 7.47 (m, 12H), 2.29 
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(m, 16H), 2.20 (m, 16H), 1.12 (m, 32H), 0.85 (m, 16H), 0.71 (t, 24H); 
13
C NMR (75 
MHz, CDCl3, δ) 151.73, 150.24, 141.54, 141.05, 130.43, 129.59, 129.41, 128.05, 127.37, 
123.38, 120.52, 118.03, 117.48, 114.48, 55.50, 41.34, 31.78, 30.08, 24.24, 22.82, 14.24. ; 
MS : (MALDI) m/z 1404.1 (M+). 
 
Synthesis of 11:  
 
To a stirred solution of 6 (1.0 g, 0.71 mmol) in dry dichloromethane (50 mL) at room 
temperature, a crystal of iodine was added.  A solution of bromine (0.48 g, 2.98 mmol) in 
dichloromethane (5 mL) was added dropwise to this stirring solution over a period of 30 
minutes. The reaction mixture was stirred further for 90 minutes and then quenched with 
10 % sodium bisulfite solution (25 mL). The organic layer was separated, and washed 
successively with water and brine, dried over magnesium sulfate and evaporated under 
reduced pressure. The resulting material was purified by recrystallization with 
dichloromethane and methanol. Yield (1.2 g, 97 %); m.p. 156-158
 o
C; 
1
H NMR (300 
MHz, CDCl3, δ) 7.67 (s, 2H), 7.53 (d, 4H), 7.46 (d, 4H), 7.41 (m, 8H), 7.32 (d, 4H), 7.25 
(s, 4H), 1.76 (m, 16H), 1.08 (m, 16H), 0.98 (m, 32H), 0.75 (t, 24H), 0.57 (m, 16H);
 13
C 
NMR (300 MHz, CDCl3, δ) 153.28, 150.55, 140.38, 140.26, 139.87, 138.97, 133.68, 
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130.14, 129.11, 126.33, 124.81, 121.29, 121.25, 119.66, 55.50, 40.39, 31.80, 29.86, 
24.03, 22.86, 14.27. 
 
Synthesis of 12:  
 
To a stirred solution of 11 (1.00 g, 0.58 mmol) in 50 mL dry dichloromethane under 
argon atmosphere, cooled to 0 °C in ice/acetone bath, was added drop wise, a solution of 
FeCl3 (0.75 g, 4.64 mmol) in nitromethane (5mL). The resulting reaction mixture was 
stirred at 0 °C for 30 minutes after which the reaction was quenched with methanol (2 
mL). The contents were then poured in water (100 mL), organic layer was separated and 
the aqueous layer was further extracted with dichloromethane (2 x 25 mL). The organic 
layers were combined, dried over magnesium sulfate and evaporated under reduced 
pressure. The resulting crude material was purified by recrystallization with 
dichloromethane and methanol. Yield (0.90 g, 91 %); mp 266-268 
o
C; 
1
H NMR (300 
MHz, CDCl3, δ) 9.96 (s, 2H), 9.08 (s, 4H), 8.85(s, 4H), 7.96 (d, 4H), 7.63 (m, 8H), 2.28 
(m, 16H), 2.18 (m, 16H), 1.13 (m, 32H), 0.84 (m, 16H), 0.73 (t, 24H); 
13
C NMR (75 
MHz, CDCl3, δ) 153.89, 149.90, 140.52, 139.93, 130.61, 130.39, 129.79, 129.37, 126.69, 
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122.16, 121.85, 118.14, 117.49, 114.63, 55.84, 41.19, 31.72, 29.96, 24.15, 22.77, 14.19. ; 
MS : (MALDI) m/z 1720.1 (M+). 
Synthesis of 13:  
 
 To a degassed (Ar) solution of 12 (0.6 g, 0.35 mmol), 2,5-dimethoxy-4-
methylphenylboronic acid (0.41 g, 2.09 mmol), and Pd(PPh3)4 (0.14 g, 0.12 mmol) in 
1,2-dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 solution (20 mL) was 
added via syringe. The resulting mixture was refluxed for 24 hours. After cooling to room 
temperature, the reaction mixture was poured into water (150 mL) and extracted with 
dichloromethane (3 x 50 mL). The organic layers were combined, dried over magnesium 
sulfate and evaporated under reduced pressure. The resulting crude material was purified 
by recrystallization with dichloromethane and methanol. Yield (0.62 g, 88 %); m.p. 276-
278 °C; 
1
H NMR (300 MHz, CDCl3, δ) 10.08 (s, 2H), 9.23(s, 4H), 8.98 (s, 4H), 8.20(s, 
4H), 7.77(s, 4H), 7.70 (d, 4H), 7.05 (s, 4H), 6.96 (s, 4H), 3.96 (s, 12H), 3.85(s, 12H), 
2.38 (s, 12H), 2.35 (m, 12H), 1.20 (m, 56H), 1.05 (m, 12H), 0.79 (t, 24H);
 13
C NMR (75 
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MHz, CDCl3, δ) 152.40, 151.32, 150.70, 150.58, 141.33, 139.69, 138.34, 130.43, 129.46, 
129.43, 129.35, 128.45, 126.97, 124.93, 120.12, 120.11, 117.47, 116.06, 114.38, 113.43, 
57.09, 56.36, 55.40, 41.18, 31.81, 30.10, 24.33, 22.81, 16.56, 14.20. 
Synthesis of 9:  
 
 To a solution of 2-bromo-9,9-dihexylfluorene (12.6 g, 30.43 mmol) in dry THF (75 mL) 
at –78 oC in a 500 mL Schlenk flask, was added n-BuLi (15.00 mL, 2.5 M in hexane, 
37.50 mmol) under an argon atmosphere. After stirring the reaction mixture for 1h at –78 
o
C, triisopropylborate (7.5 mL, 40 mmol) was added dropwise and reaction was allowed 
to warm up to room temperature over a period of 12h. To the solution at room 
temperature were then added, anhydrous toluene (75 mL), ethanol (75 mL), 2M  sodium 
carbonate (50 mL), 2,3,6,7,10,11-hexabromotriphenylene (1.5 g, 2.14 mmol)  and 
Pd(PPh3)4 (0.20 g, 0.17 mmol) under an argon atmosphere, and the resulting mixture was 
refluxed for 24 hours. After cooling to room temperature, the reaction mixture was 
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poured into water (250 mL) and extracted with dichloromethane (3 x 50 mL). The 
organic layers were combined, dried over magnesium sulfate and evaporated under 
reduced pressure. Yield (3.96 g, 83.2 %); viscous liquid; 
1
H NMR (300 MHz, CDCl3, δ) 
8.76 (s, 6H), 7.54 (d, 12H), 7.40 (d, 6H), 7.19 (m, 24H), 1.70 (m, 24H), 0.90 (m, 72H), 
0.63 (t, 36H), 0.50 (m, 24H);
 13
C NMR (75 MHz, CDCl3, δ) 151.16, 150.90, 140.92, 
140.84, 140.71, 140.05, 129.18, 128.78, 127.10, 126.86, 126.15, 125.16, 123.00, 120.03, 
119.61, 55.11, 40.48, 31.76, 30.0, 24.08, 22.88, 14.29. 
Synthesis of 10:  
 
 To a stirred solution of 9 (1.00 g, 0.45 mmol) in 50 mL dry dichloromethane 
under argon atmosphere, cooled to 0 °C in ice/acetone bath, was added drop wise, a 
solution of FeCl3 (0.66 g, 4.06 mmol) in nitromethane (5mL). The resulting reaction 
mixture was stirred at 0 °C for 30 minutes after which the reaction was quenched with 
methanol (2 mL). The contents were then poured in water (100 mL), organic layer was 
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separated and the aqueous layer was further extracted with dichloromethane (2 x 20 mL). 
The organic layers were combined, dried over magnesium sulfate and evaporated under 
reduced pressure. The resulting crude material was purified by recrystallization with 
dichloromethane and acetonitrile. Yield (0.95 g, 95 %); mp 178-180 °C; 
1
H NMR (400 
MHz, CDCl3, δ) 10.51 (6H, s), 9.27 (6H, s), 9.17 (6H, s), 8.19 (6H, d, J = 7.3 Hz), 7.54 
(18H, m), 2.49 (24H, m), 1.13 (72H, m), 0.74 (60H, m); 
13
C NMR (75 MHz, CDCl3, δ) 
151.28, 150.25, 142.05, 141.33, 130.63, 129.93, 129.48, 129.20, 128.24, 127.43, 123.31, 
120.62, 118.39, 117.02, 114.55, 55.99, 42.32, 32.09, 30.23, 24.37, 22.74, 14.22. ; MS : 
(MALDI) m/z 2217.1 (M+). 
Synthesis of 14:  
 
 To a stirred solution of 9 (0.8 g, 0.36 mmol) in dry dichloromethane (50 mL) at 
room temperature, a crystal of iodine was added.  A solution of bromine (0.38 g, 2.39 
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mmol) in dichloromethane (5 mL) was added dropwise to this stirring solution over a 
period of 30 minutes. The reaction mixture was stirred further for 90 minutes and then 
quenched with 10 % sodium bisulfite solution (25 mL). The organic layer was separated, 
and washed successively with water and brine, dried over magnesium sulfate and 
evaporated under reduced pressure. The resulting crude material was purified by 
recrystallization with dichloromethane and methanol. Yield (0.94 g, 96 %); m.p. 218-220 
°C; 
1
H NMR (300 MHz, CDCl3, δ) 8.79 (s, 6H), 7.59 (d, 6H), 7.48 (m, 12H), 7.41 (d, 
12H), 7.27 (s, 6H), 1.74 (m, 24H), 1.04 (m, 24H), 0.95 (m, 48H), 0.72 (t, 36H), 0.57 (m, 
24H); 
13
C NMR (75 MHz, CDCl3, δ) 153.33, 150.56, 141.01, 140.64, 139.78, 138.99, 
130.12, 129.15, 128.92, 126.35, 126.09, 125.14, 121.31, 119.73, 55.41, 40.29, 31.70, 
29.90, 24.02, 22.87, 14.29. 
Synthesis of 15:  
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 To a stirred solution of 14 (0.8 g, 0.30 mmol) in 100 mL dry dichloromethane 
under argon atmosphere, cooled to 0 °C in ice/acetone bath, was added drop wise, a 
solution of FeCl3 (0.58 g, 3.56 mmol) in nitromethane (5mL). The resulting reaction 
mixture was stirred at 0 °C for 30 minutes after which the reaction was quenched with 
methanol (5 mL). The contents were then poured in water (100 mL), organic layer was 
separated and the aqueous layer was further extracted with dichloromethane (2 x 25 mL). 
The organic layers were combined, dried over magnesium sulfate and evaporated under 
reduced pressure. The resulting crude material was purified by recrystallization with 
dichloromethane and methanol. Yield (0.70 g, 88 %); m.p. 280-282 °C; 
1
H NMR (300 
MHz, CDCl3, δ) 10.46 (s, 6 H), 9.19 (s, 6 H), 9.11 (s, 6 H), 8.03 (d, 6 H), 7.68 (d, 12 H), 
2.49(m, 12 H), 2.39(m, 12 H), 1.21(m, 24 H), 1.06(m, 48 H), 0.70(m, 60 H); 
13
C NMR 
(75 MHz, CDCl3, δ) 153.42, 149.91, 141.03, 140.22, 130.77, 130.64, 129.86, 129.75, 
129.25, 126.65, 122.44, 121.98, 118.50, 117.06, 114.77, 56.32, 42.25, 32.08, 30.20, 
24.35, 22.76, 14.24. 
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Synthesis of 16:  
 
  To a degassed (Ar) solution of 15 (0.6 g, 0.22 mmol), 2,5-dimethoxy-4-
methylphenylboronic acid (0.39  g, 2.0 mmol), and Pd(PPh3)4 (0.14 g, 0.12 mmol) in 1,2-
dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 solution (20 mL) was 
added via syringe. The resulting mixture was refluxed for 48 hours. After cooling to room 
temperature, the reaction mixture was poured into water (150 mL) and extracted with 
dichloromethane (3 x 50 mL). The organic layers were combined, dried over magnesium 
sulfate and evaporated under reduced pressure. The resulting crude material was purified 
by recrystallization with dichloromethane and methanol. Yield (0.60 g, 86.3 %); m.p.  
288-290°C; 
1
H NMR (300 MHz, CDCl3, δ) 10.54 (s, 6H),  9.30 (s, 6H), 9.20 (s, 6H), 8.23 
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(d, 6H), 7.79 (s, 6H), 7.71 (d, 6H), 7.05 (s, 6H), 6.95 (s, 6H), 3.96 (s, 18H), 3.84 (s, 18H), 
2.51 (m, 24H), 2.36 (s, 18H), 1.23 (m, 24H), 1.07 (m, 48H), 0.86 (m, 24H), 0.68 (t, 36H); 
13
C NMR (75 MHz, CDCl3, δ) 152.49, 150.87, 150.64, 141.95, 139.99, 138.59, 130.67, 
129.92, 129.51, 129.37, 129.18, 128.52, 127.03, 124.81, 120.22, 118.36, 117.05, 116.34, 
114.45, 113.40, 57.28, 56.39, 55.97, 42.30, 32.12, 30.28, 24.47, 22.78, 16.58, 14.23; MS 
: (MALDI) m/z 3118.9 (M+). 
Synthesis of 18:  
 
  To a degassed (Ar) solution of 2,3,6,7,12,13-hexabromotriptycene (0.73 g, 0.65 
mmol), 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,9-dihexylfluorene (3.0 g, 6.5 
mmol) and Pd(PPh3)4 catalyst (0.10 g, 0.09 mmol) in 1,2-dimethoxyethane (75 mL), a 
solution of  2 M aqueous K2CO3 solution (20 mL) was added via syringe. The reaction 
mixture was refluxed for 72 h. After cooling, the product was extracted with DCM, 
washed with water and dried over MgSO4
. 
The solvent was evaporated, affording the 
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crude mixture. After column chromatography on silica gel eluting with hexane/ethyl 
acetate (99:1), pure compound (1.45 g, 94 %) was obtained as colorless oil that solidifies 
on standing; m.p. 144 °C; 
1
H NMR (300 MHz, CDCl3, δ) 7.70 (s, 6H), 7.60 (m, 6H), 7.48 
(d, J = 7.8 Hz, 6H), 7.26 (m, 18H), 7.18 (s, 6H), 7.15 (d, J = 7.8 Hz, 6H), 5.83 (s, 2H), 
1.77 (m, 24H), 1.03 (m, 72H), 0.78 (t, J = 7.2 Hz, 36H), 0.56 (m, 24H); 
13
C NMR (75 
MHz, CDCl3, δ) 151.00, 150.64, 144.34, 141.07, 140.70, 139.64, 138.44, 128.98, 126.99, 
126.82, 126.69, 124.84, 122.89, 119.89, 119.34, 55.10, 53.48, 40.60, 31.84, 29.92, 23.99, 
22.87, 14.32. 
Synthesis of 19:  
 
 To a stirred solution of 16 (0.20 g, 0.09 mmol) in 200 mL dry dichloromethane 
under argon atmosphere, was added drop wise, a solution of FeCl3 (0.35 g, 2.13 mmol) in 
nitromethane (5 mL). The resulting reaction mixture was stirred at room temperature for 
10 minutes after which the reaction was quenched with methanol (5 mL). The contents 
were then poured in water (100 mL), organic layer was separated and the aqueous layer 
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was further extracted with dichloromethane (2 x 20 mL). The organic layers were 
combined, dried over magnesium sulfate and evaporated under reduced pressure. After 
column chromatography on silica gel eluting with hexane/ethyl acetate (9:1), pure 
compound (0.17 g, 85 %) was obtained as an off white solid. m.p. 344 °C; 
1
H NMR (300 
MHz, CDCl3, δ) 9.06 (s, 6H), 9.04 (s, 6H), 8.67 (s, 6H), 8.02 (d, J = 7.4 Hz, 6H), 7.42 
(m, 18H), 6.46 (s, 2H), 2.21 (m, 24H), 1.05 (m, 72H), 0.70 (m, 60H); 
13
C NMR (75 MHz, 
CDCl3, δ) 151.39, 149.77, 142.94, 141.19, 140.92, 129.95, 129.34, 128.63, 127.84, 
127.20, 123.23, 120.35, 118.90, 117.22, 113.97, 55.52, 54.58, 41.48, 31.73, 29.95, 23.99, 
22.73, 14.25; MS : (MALDI) m/z 2243.1 (M+).  
Synthesis of 20:  
 
 To a stirred solution of 16 (0.7 g, 0.31 mmol) in dichloromethane (50 mL) at 
room temperature, a crystal of iodine was added.  A solution of bromine (0.35 g, 2.18 
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mmol) in dichloromethane (5 mL) was added drop wise to this stirring solution over a 
period of 5 minutes. The reaction mixture was stirred further for 2 hours and then 
quenched with 10 % sodium bisulfite solution (25 mL). The organic layer was separated, 
and washed successively with water and brine, dried over magnesium sulfate and 
evaporated under reduced pressure. The resulting material was dissolved in 
dichloromethane and precipitated with methanol to afford light yellow solid that was used 
in the next step without further purification. Yield (0.78 g, 92 %); m.p. 172 °C; 
1
H NMR 
(300 MHz, CDCl3, δ) 7.70 (s, 6H), 7.44 (m, 24H), 7.15 (m, 12H), 5.84 (s, 2H), 1.77 (m, 
24H), 1.04 (m, 72H), 0.82 (t, J = 7.3 Hz, 36H), 0.55 (m, 24H); 
13
C NMR (75 MHz, 
CDCl3, δ) 153.22, 150.37, 144.37, 141.03, 139.99, 138.66, 138.29, 130.10, 129.15, 
126.69, 126.27, 124.81, 121.24, 121.14, 119.51, 55.45, 53.42, 40.47, 31.82, 29.86, 23.98, 
22.89, 14.32. 
Synthesis of 21:  
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 To a stirred solution of 18 (0.75 g, 0.27 mmol) in 50 mL dry dichloromethane 
under argon atmosphere, was added drop wise, a solution of FeCl3 (1.07 g, 6.61 mmol) in 
nitromethane (5 mL). The resulting reaction mixture was stirred at room temperature for 
15 minutes after which the reaction was quenched with methanol (5 mL). The contents 
were then poured in water (100 mL), organic layer was separated and the aqueous layer 
was further extracted with dichloromethane (2 x 20 mL). The organic layers were 
combined, dried over magnesium sulfate and evaporated under reduced pressure. After 
column chromatography on silica gel eluting with hexane/ethyl acetate (97:3), pure 
compound (0.71 g, 95 %) was obtained as an off white solid. The resulting solid was 
purified further by crystallization using dichloromethane-methanol. m.p. 232 C, 1H 
NMR (300 MHz, CDCl3, δ) 9.03 (s, 6H), 8.98 (s, 6H), 8.64 (s, 6H), 7.87 (d, J = 8.4 Hz, 
6H), 7.55 (m, 12H), 6.46 (s, 2H), 2.18 (m, 24H), 1.05 (m, 72H), 0.68 (m, 60H); 
13
C NMR 
(75 MHz, CDCl3, δ) 153.60, 149.46, 143.01, 140.10, 139.92, 130.50, 129.94, 129.61, 
128.60, 126.54, 121.99, 121.70, 118.98, 117.26, 114.18, 55.88, 54.50, 41.37, 31.70, 
29.87, 23.95, 22.72, 14.25.  
Synthesis of 22:  
357 
 
 
  To a degassed (Ar) solution of 19 (0.55 g, 0.20 mmol), 2,5-dimethoxy-4-
methylphenylboronic acid (0.40  g, 2.0 mmol), and Pd(PPh3)4 (0.10 g, 0.09 mmol) in 1,2-
dimethoxyethane (75 mL), a solution of  2 M aqueous K2CO3 solution (20 mL) was 
added via syringe. The resulting mixture was refluxed for 72 hours. After cooling to room 
temperature, the reaction mixture was poured into water (150 mL) and extracted with 
dichloromethane (3 x 50 mL). The organic layers were combined, dried over magnesium 
sulfate and evaporated under reduced pressure. After column chromatography on silica 
gel eluting with hexane/ethyl acetate (93:7), pure compound (0.51 g, 80 %) was obtained 
as a yellow-green solid. The resulting solid was purified further by crystallization using 
ethyl acetate-hexane. m.p. 398-402 °C. 
1
H NMR (400 MHz, CDCl3, δ) 9.15 (m, 12H), 
8.77 (s, 6H), 8.12 (d, J = 7.8 Hz, 6H), 7.72 (s, 6H), 7.64 (d, J = 7.8 Hz, 6H), 7.02 (s, 6H), 
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6.94 (s, 6H), 6.54 (s, 2H), 3.94 (s, 18H), 3.82 (s, 18H), 2.36 (s, 18H), 2.31 (m, 24H), 1.12 
(m, 72H), 0.86 (m, 24H), 0.77 (m, 36H); 
13
C NMR (100 MHz, CDCl3, δ) 152.37, 150.98, 
150.5, 150.26, 149.92, 140.79, 139.87, 138.16, 130.00, 129.49, 129.26, 128.63, 128.31, 
126.88, 124.81, 119.99, 118.91, 117.24, 116.11, 113.94, 113.40, 57.08, 56.32, 55.46, 
54.60, 41.41, 31.77, 30.03, 24.13, 22.79, 16.53, 14.27; MS : (MALDI) m/z 3144.8 (M+). 
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1
H NMR of 3 
 
13
C NMR of 3 
 
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   7.50     7.40     7.30     7.20     7.10     7.00   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   148.0  144.0  140.0  136.0  132.0  128.0  124.0  120.0  
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1
H NMR of 4 
 
13
C NMR of 4 
PPM  9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   PPM  9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   PPM  9.0   8.0   7.0   6.0   5.0   4.0   3.0   2.0   1.0   
PPM  9.2     8.8     8.4     8.0     7.6   PPM  9.2    8.8    8.4     8.0     7.6   PPM  9.2     8.8     8.4     8.0     7.6   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  148.0   144.0   140.0   136.0   132.0   128.0   124.0   120.0   116.0   112.0  
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1
H NMR of 5 
 PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   9.0     8.8     8.6     8.4     8.2     8.0     7.8     7.6   
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13
C NMR of 5  
 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  152.0    148.0    144.0    140.0    136.0    132.0    128.0    124.0    120.0    116.0  
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1
H NMR of 6 
 
 
 
13
C NMR of 6 
 
PPM   7.70     7.60     7.50     7.40     7.30   
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 7 
 
 
 
13
C NMR of 7 
 
 
PPM   9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 11 
 
 
13
C NMR of 11 
 
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   PPM 7.0   6.0   5.0   4.0   3.0   2.0     1.0   PPM 7 6 5  4.0     3.0     2.0     1.0   
PPM   140.0    120.0    100.0    80.0     60.0     40.0     20.0   
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1
H NMR of 12 
 
 
13
C NMR of 12 
 
 
 
PPM   8.0     6.0     4.0     2.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 13 
 
 
PPM   9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
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13
C NMR of 13 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 9 
 
  
PPM   9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
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13
C NMR of 9 
 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 10 
 
 
 
 
 
 
 
 
 
 
 
 
PPM   8.0     6.0     4.0     2.0   PPM   8.0     6.0     4.0     2.0   PPM   8.0     6.0     4.0     2.0   
PPM   10.4     10.0     9.6     9.2     8.8     8.4     8.0     7.6   PPM   10.4   10.0   9.6    9.2     8.8     8.4     8.0     7.6   PPM   10.4     10.0     9.6     9.2     8.8     8.4     8.0     7.6   
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13
C NMR of 10 
 
 
 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  150.0    146.0    142.0    138.0    134.0    130.0    126.0    122.0    118.0    114.0  
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1
H NMR of 14 
 
 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
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13
C NMR of 14 
 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 15 
 
 PPM   8.0     6.0     4.0     2.0   
376 
 
13
C NMR of 15 
 PPM   140.0    120.0    100.0    80.0     60.0     40.0     20.0   
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1
H NMR of 16
 
 
 PPM   8.0     6.0     4.0     2.0   
378 
 
13
C NMR of 16 
 
 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 18 
 
 PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   7.70     7.60     7.50     7.40     7.30     7.20     7.10   
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13
C NMR of 18 
 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   148.0    144.0    140.0    136.0    132.0    128.0    124.0    120.0  
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1
H NMR of 19 
 
PPM  9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   8.8     8.4     8.0     7.6     7.2     6.8     6.4   
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13
C NMR of 19 
 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  148.0   144.0   140.0   136.0   132.0   128.0   124.0   120.0   116.0  
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1
H NMR of 20 
 
 PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM  7.8     7.6     7.4     7.2     7.0   
Dichloromethane
Water
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13
C NMR of 20 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  150.0    146.0    142.0    138.0    134.0    130.0    126.0    122.0  
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1
H NMR of 21 
 
 
 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   PPM 8.0   7.0   6.0   5.0   4.0   3.0   2.0     1.0   PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   8.8     8.4     8.0     7.6     7.2     6.8     6.4   PPM 8.8   8.4   8.0   7.6   7.2   6.8   6.4   
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13
C NMR of 21 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  150.0    146.0    142.0    138.0    134.0    130.0    126.0    122.0    118.0    114.0  
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1
H NMR of 22 
 
 
 
PPM  9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   9.2     8.8     8.4     8.0     7.6     7.2     6.8     6.4   
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13
C NMR of 22 
 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM  150.0    146.0    142.0    138.0    134.0    130.0    126.0    122.0    118.0    114.0  
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MALDI-TOF mass spectra of 4 
 
 
 
MALDI-TOF mass spectra of 5 
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MALDI-TOF mass spectra of 7 
 
 
 
MALDI-TOF mass spectra of 12 
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MALDI-TOF mass spectra of 10 
 
 
MALDI-TOF mass spectra of 16 
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MALDI-TOF mass spectra of 19 
 
 
MALDI-TOF mass spectra of 22 
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Table S1: Crystal data and structure refinement for 12. 
 
 
 
Identification code  raj13ga 
Empirical formula  C114 H142 Br4 O4 
Formula weight  1895.92 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions a = 12.4224(2) Å = 68.0920(10)°. 
 b = 14.1136(3) Å = 77.4600(10)°. 
 c = 15.5412(3) Å  = 85.3710(10)°. 
Volume 2467.68(8) Å3 
Z 1 
Density (calculated) 1.276 Mg/m3 
Absorption coefficient 2.381 mm-1 
F(000) 998 
Crystal size 0.28 x 0.20 x 0.12 mm3 
Theta range for data collection 3.13 to 67.71°. 
Index ranges -14<=h<=14, -15<=k<=16, 0<=l<=18 
Reflections collected 20398 
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Independent reflections 8364 [R(int) = 0.0179] 
Completeness to theta = 67.71° 93.7 %  
Absorption correction Numerical 
Max. and min. transmission 0.7664 and 0.5553 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8364 / 189 / 542 
Goodness-of-fit on F2 0.995 
Final R indices [I>2sigma(I)] R1 = 0.0663, wR2 = 0.1745 
R indices (all data) R1 = 0.0726, wR2 = 0.1814 
Largest diff. peak and hole 1.358 and -2.443 e.Å-3 
 
CHAPTER 6 
 
 
 
Design and Synthesis of a New Class of Helical Polycyclic 
Aromatic Hydrocarbons 
 
 
 
 
 
 
 
 
 
Abstract: Synthetic methodology developed in previous two chapters, i.e. annulation of 
fluorene using biaryls (Chapter 4) and synthesis of large aromatic hubs for the preparation of 
electroactive dendritic structures (Chapter 5) has been utilized to prepare a new class of 
highly soluble electroactive helicenes. 
 
H2
RR
O
OO
O
RR
H1-A; R = H
H1-B; R = OMe
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INTRODUCTION 
 
The design and study of novel molecules that can be readily prepared by versatile 
synthetic routes, provides the foundation for the discovery of new materials, which may 
eventually lead to their fabrication into nano-scale molecular machinery for practical 
applications in the emerging areas of molecular electronics and nanotechnology.
1 
In this 
regard, Polycyclic aromatic hydrocarbons (PAHs) are of considerable interest owing to 
their potential applications as charge-transport materials in modern photovoltaic devices 
such as light-emitting diodes, field-effect transistors, liquid crystal displays and solar 
cells.
1
 While a significant progress has been made in the synthesis of a variety of large 
planar PAHs,
2
 such a well-defined series of electro-active helicene-like polybenzenoid 
nanostructures that carry potential for usage in electronic and optoelectronic devices has 
largely been elusive. 
Interestingly, since the first synthesis of [6]helicene–an ortho-fused, -
conjugated, polyaromatic hydrocarbon (PAH) with helical chirality—by Newman and 
Lednicer in 1956,
3
 considerable efforts have been devoted towards the development of 
efficient and highly creative synthetic methods for the preparation of helicenes, and a  
number of analogs with helical chirality
4-11
 (Figure 1).  
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Figure 1. Representative classes of helicenes and helical structures. 
 
helical (twisted) 
molecular ribbon
Geländer-type 
helix
[14]helicene
[11]thiahelicene
[6]helicene
[8] heliphene
polyphenylene-
based helix
triarylamine-
based helix
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The intense interest towards developing efficient and practical syntheses of 
helicenes, in part, arises from the fact that they hold promise for the preparation of 
materials with unusual and interesting optoelectronic and material properties owing to the 
inherent helical chirality. In addition, varying the degree of -stacking within a helical 
molecule may have impact on optoelectronic properties of light-emitting diodes, field-
effect transistors, photodiodes, and other molecular electronics devices.
12
 Therefore, the 
helical (chiral) structures hold potential for applications in diverse areas ranging from 
molecular electronics, optics and holographic imaging to asymmetric syntheses.
11-13
 
Unfortunately, despite highly creative synthetic efforts,
4-11 almost no materials’ 
application of the helicenes has been found in the last 5 decades. A search of the 
literature, led to the conjecture that possibly the lack of exploration of the potentially 
important materials’ properties of helicenes may, in part, be due to the unavailability of 
the practical syntheses of gram-quantities of a well-defined homologous series of electro-
active helicenes. 
The recent interest in radical cations of these helical structures
14
 and our 
continued interest in cofacially stacked -systems15 for the preparation of molecular 
assemblies for long-range electron and energy transport, led us to explore the design and 
synthesis of a new class of highly soluble electro-active helicene-like structures in 
sufficient amounts from readily available precursors. The design of our synthetic 
methodology allowed us to introduce cofacially-arrayed end capped (electroactive) 
groups that can show efficient electronic coupling due to the - stacking. Thus, such 
structures can readily undergo reversible oxidation and form stable dication and cation 
399 
 
radical salts at room temperature that may allow their exploration for potential materials’ 
applications. 
 A closer examination of the synthetic schemes and the basic structure of the 
PAHs, prepared in Chapter 4 and Chapter 5 shows that oxidative C-C bond formation in 
various polyaryl structures results in curved structures (Scheme 1).  
 
Scheme 1. Generalized synthetic scheme for the preparation of doubly 
annulated fluorenes in Chapter 4 (left) and polycyclic aromatic hubs in 
Chapter 5 (right).  
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It was conjectured that if the curved structures of (Scheme 1) are enlarged using 
the synthetic approaches developed in previous chapters (i.e. Chapter 4 and 5), one is 
expected to obtain helical shaped PAHs (Figure 2).  
 
Figure 2. Helical shaped structures possible from the extension of curved 
structures shown in Scheme 1. 
 
 Based on the understanding gained from previous two chapters we planned the 
reterosynthetic approach as depicted in Schemes 2 and 3.  
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Scheme 2. Proposed reterosynthetic scheme for the synthesis of helical 
structures H1-A and H1-B. 
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Scheme 3. Proposed reterosynthetic scheme for the synthesis of helical 
structure H2. 
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RESULTS and DISCUSSION 
 
To verify the conjecture, the synthetic methodology developed for the preparation 
of doubly annulated fluorenes was exploited first. The precursors 1, 2 and 5 needed in the 
synthesis, were easily prepared as per the Scheme 4. A Suzuki coupling of commercially 
available 2-bromo-1-iodobenzene with 3,4-dimethoxyphenylboronic acid afforded 1 in 
very good yield. The synthesis of 2 starts with treatment of commercially available 2-
iodofluorene with 2.1 equivalents of potassium-tert-butoxide followed by addition of 2.1 
equivalents amount of 1-bromohexane to give 9,9-dihexylfluorene quantitatively. It 
should be noted that excess of 1-bromohexane should be avoided as it is difficult to 
separate it from the product by column chromatography. A facile bromination of the 
resulting 2-iodo-9,9-dihexylfluorene utilizing 1.1 equivalents of bromine with a catalytic 
amount of iodine (1-2 crystals) gave 2-bromo-7-iodo-9,9-dihexylfluorene in good yields.  
The synthesis of 5 was started from commercially available fluorene. Treatment 
of fluorene with 2.1 equivalents of potassium-tert-butoxide followed by addition of 2.1 
equivalents amount of 1-bromohexane gave 9,9-dihexylfluorene quantitatively. A facile 
bromination of the product with 2.1 equivalents of bromine produced 2,7-dibromo-9,9-
dihexylfluorene. In situ Suzuki coupling of the diboronic acid derived from this dibromo 
compound with commercially available 2-bromo-1-iodobenzene and 1-bromo-2-iodo-
4,5-dimethoxybenzene afforded 5a and 5b, respectively, in quantitative amounts.  
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Scheme 4. Synthesis of helicene precursors 1, 2, 5a and 5b. 
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 The synthetic Scheme 5 used for the preparation of helicenes H1-A and H1-B 
commences with in-situ Suzuki coupling of 2, with stoichiometric amount of the boronic 
ester prepared from 2-bromobiaryl (1), to afford the product (3) regioselectively in good 
yields. A FeCl3 mediated Scholl reaction results in the annulation of biaryl with fluorene 
to obtain the singly annulated fluorene (4) with an active bromo functionality on the other 
side. A second Suzuki coupling of the boronic ester obtained in situ from 4, with the two 
dibromo compounds, 5a and 5b, afforded the curved helical precursors 6a and 6b, 
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respectively. Finally, a second oxidative cyclization results in helical structures H1-A and 
H1-B.  
Scheme 5. Synthesis of helical structures H1-A and H1-B. 
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Both the helicenes H1-A and H1-B were thoroughly characterized by 
1
H/
13
C 
NMR spectroscopy and MALDI-TOF mass spectroscopy. The structure of H1-A was 
further confirmed by X-ray crystallographic characterization of its charge transfer 
complex with chloranil while the structure of H1-B crystallized as a charge transfer 
complex with tetracyanoethylene (TCNE). 
 
Figure 3. Comparison of 
1
H NMR spectra of H1-A with that of its 
precursor 6a. 
 
A comparison of the 
1
H NMR of the helicene H1-A with that of its precursor 
reveal two important features. First, the aromatic peaks in the precursor 6a are shifted 
considerably downfield in the helicene H1-A, indicative of larger ring current due to the 
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PPM   9.6     9.2     8.8     8.4     8.0     7.6     7.2     6.8   
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extension of aromaticity. Second, the end capped methoxy protons show an upfield shift 
by about 0.5 ppm which shows the presence of cofacial juxtapositioning of the aromatic 
rings.  
 
Figure 4. Comparison of 
1
H NMR spectra of H1-B with that of its 
precursor 6b. 
 
The 
1
H NMR of H1-B shows similar features as discussed for H1-A. In addition, 
the methoxy groups present in the middle of helicene core (shown in black in Figure 4) 
expectedly show a slight downfield shift in comparison to the precursor 6b, while the end 
capped methoxy groups show a similar upfield shift.  
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Efforts to crystallize neutral helicenes resulted in amorphous powders. However, 
we were able to crystallize charge transfer complex of H1-A with prototypical acceptor 
chloranil (CA). Thus, a solution of CA and H1-A in 1,2-dichloroethane was layered with 
acetonitrile and after 3 days the well-formed black prisms were used for single crystal X-
ray crystallographic analysis. In the crystal structure, the helicene molecule is positioned 
on 2-fold crystallographic axis and the donor (H1-A) and acceptor molecules form a 3-
dimensional network as each helicene molecule takes part in 3 neighboring donor-
acceptor (DA) stacks. One of the unsubstituted triphenylene moiety is complexed by CA 
molecules from both the sides, whereas the end capped dimethylated triphenylene is 
complexed only from one side (Figure 3A). The stacks are built in order 
[CA…triphenylene…CA...OMe-Me…CA…triphenylene…]∞ along crystallographic 
direction (2 0 1). Expectedly, H1-A crystallizes as a racemic mixture of P- and M- 
enantionmers. Figure 5B shows the parallel stacks of helicenes with P (right stack) and M 
(left stack) configuration with end capped electroactive groups and (ii) in which 
electroactive group is present in each of the each of the four triphenylene units.  
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Figure 5. ORTEP diagram of helicene H1-A: a) Partial space filling 
diagram of H1 showing the four triphenylene units in different colors (in 
space filling) while hexyl groups are shown in wireframe. The three 
acceptor chloranil molecules are shown in ellipsoid. b) Stack of H1-A 
(ellipsoid) and chloranil (space filling). c) Pair of enantiomeric helicenes. 
The helix is shown in ellipsoid (left) and spacefilling (right) while hexyl 
the groups are shown in wireframe. Solvent molecules are omitted for 
clarity in all the structures.  
 
A B
C
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Helicene H1-B, on the other hand was crystallized as a charge transfer complex 
with tetracyanoethylene using 1,2-dichloroethane and acetonitrile. The black prism 
shaped crystals however showed very fast decomposition with loss of acetonitrile. In the 
crystal structure, the TCNE acceptor molecule is positioned on crystallographic center of 
symmetry and corresponds to 2:1 charge transfer complex stoichiometry while the donor 
molecule has no crystallographic symmetry. Two of the hexyl groups and the solvent 
(acetonitrile) molecules are disordered (figure 6).  
 
Figure 6. ORTEP diagram of helicene H1-B. The acceptor 
tetracyanoethylene molecules are shown in spacefilling. Solvent molecules 
are omitted for clarity.  
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 Next, the synthetic methodology used for preparing polycyclic aromatic hubs in 
Chapter 5 was also extended to prepare helical structures. The synthetic Scheme 6 for the 
preparation of H2 involves Suzuki coupling of commercially available 1,2-dibromo-4,5-
dimethoxybenzene with the boronic ester prepared in-situ from 2-bromo-9,9-
dihexylflourene to afford 7 in good yields. FeCl3 mediated oxidative cyclization under 
standard Scholl reaction conditions results in curved polycyclic aromatic hub 8, akin to 
the model compound prepared in Chapter 5. Functionalization of the curved hub 8 was 
easily achieved by bromination at 7-position of the original fluorene moiety to get the 
dibrominated compound 9 in nearly quantitative yield. The curved structure in 9 was 
extended by a second Suzuki coupling of 9 with commercially available 3,4-
dimethoxyphenylboronic to yield 10 in excellent yield. A selective bromination mediated 
by pyridiniumbromide perbromide led to structure 11 where the two bromo groups, ortho 
to the site of attachment are well suited for further extension of the curved structure. This 
extension was achieved by Suzuki coupling of 11 with the boronic ester prepared in-situ 
from 2-bromo-9,9-dihexylflourene to afford the helicene precursor 12 in good yields. 
Finally, the helicene H2 was obtained in good yield by oxidative cyclization utilizing 
FeCl3, under standard Scholl reaction conditions. 
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Scheme 6. Synthesis of helical structure H2. 
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Scheme 6. ...continued. 
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Helicene H2 was thoroughly characterized by 
1
H and 
13
C NMR spectroscopy 
(Figure 7) and its structure was further confirmed by X-ray crystallography (Figures 8 
and 9). 
 
Figure 7. Comparison of 
1
H NMR spectra of H2 with that of its precursor 12. 
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The 
1
H NMR of H2 also shows the similar downfield shift of aromatic protons 
when compared with its precursor 12, as discussed for H1-A and H1-B. Further, the 
aromatic protons at the two terminals of the helix show an upfield shift (the two triplets 
at 6.5 and 6.85 ppm ) owing to the partial overlapping of their parent aromatic rings with 
a closest contact at a distance of 3.2 Å (as determined from the crystal structure analysis) 
which is closer than the van der Waals distance (figures 8 and 9). 
 
Figure 8. ORTEP diagram of helicene H2. The helix has been colored 
yellow while the hexyl groups have been shown in stick diagram for 
clarity. 
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Figure 9. Different views of the crystal structure of helicene H2. In A, B, 
D, E and F the two halves of the helix have been colored in contrast while 
the hexyl groups have been deleted in B, D, E and F for clarity. 
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Next, with sufficient quantities of helicenes in our hand, we investigated their 
optical and electrochemical properties. The absorption spectrum of helicenes (figure 10) 
recorded in dichloromethane at room temperature exhibits two major bands – one in the 
UV region (291 – 299 nm) and the other in the visible region (384 – 393 nm) similar to 
the observation made in doubly annulated fluorenes. For example, the absorption spectra 
of H1-A showing absorption at λmax (log ε) = 291 (5.24), 307 sh, 349, 365, 384 nm (5.01) 
and resembles similarity to H1-B absorption at λmax (log ε) = 291 (5.25), 334, 350, 367, 
388 nm (5.01). The absorption spectrum of H2 shows slightly red shifted bands at λmax 
(log ε) = 299 (5.23), 320 sh, 342, 370, 393 nm (4.99). 
 
 
Figure 10. UV-vis. absorption spectra of helicenes recorded in 
dichloromethane at 22 ºC. 
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 The emission spectra of helicenes recorded under conditions of constant 
concentration (10
-6
 M solution in dichloromethane) and temperature (22 °C) showed well 
defined vibrational structure (figure 11). The position of emission maxima showed a red 
shift from H1-A with λmax (nm) = 390, 410, 435 sh. to H1-B with λmax (nm) = 404, 428, 
454 sh. and H2 with 402, 426 and 450 sh. presumably due to the presence of electron 
releasing methoxy groups in each of the triphenylene units in H1-B and H2.  
 
Figure 11. Emission spectra of helicenes as 1 × 10-6 M dichloromethane 
solutions at 22 ºC. 
 
The redox properties of helicenes was determined by electrochemical oxidation at 
a platinum electrode as 1 × 10
-3
 M solution in anhydrous dichloromethane containing 0.2 
M tetra-n-butylammonium hexaflurophosphate (TBAH) as the supporting electrolyte. As 
shown in figure 12, the cyclic voltammogram of H1-A shows the presence of two 1-e
-
 
oxidation waves at Eox1 = 1.15 and Eox2 = 1.32 V vs. SCE corresponding to the loss of 
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one and two electrons respectively, whereas the cyclic voltammogram of H1-B shows the 
presence of three 1-e
-
 oxidation waves at Eox1 = 1.10, Eox2 = 1.24 and Eox3 = 1.39 V vs. 
SCE for the loss of one, two and three electrons respectively. Similarly, H2 shows three 
1-e
-
 oxidation waves at Eox1 = 1.10, Eox2 = 1.22 and Eox3 = 1.31 V vs. SCE. The reversible 
oxidation potentials were calibrated with ferrocene as internal standard (Eox = 0.45 V vs. 
SCE).
16
 
 
 
Figure 12. Cyclic Voltammograms of 1 × 10
-3
 M helicenes in CH2Cl2 
containing 0.2 M n-Bu4NPF4 at a scan rate of 100 mV s
-1 
at 22 °C. 
 
The electrochemical reversibility and relatively low oxidation potential of 
helicenes allowed us to generate their dication and cation radicals by chemical oxidation 
using a stable aromatic cation radical salts such as NAP
•+
 (Ered = 1.34 V vs. SCE)
17
 and 
MA
•+
SbCl6¯ (Ered = 1.11 V vs. SCE)
18
 as one-electron oxidants. Thus, for H1-B, where 
both Eox1 (1.10 V) and Eox2 (1.24 V) values are well below the redox potential of NAP
+ 
(Ered = 1.34 V vs SCE), the blue colored NAP
+
 was completely consumed by addition of 
only half an equivalent of neutral H2; and the resulting absorption spectrum (green line in 
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figure 13) of the green colored solution was assigned to the dication H1-B
+2
 with 
absorption bands at 720 nm (log  = 3.82) and 994 nm (log  = 4.15). Figure 13 further 
shows that when the addition of neutral H1-B was continued beyond half an equivalent, a 
new NIR absorption band at 1438 nm (log  = 4.37) continued to grow up to the addition 
of one equivalent of H1-B and the color of the solution changed to dark red. The growth 
of the absorption band at 1438 nm was assigned to the formation of helicene cation 
radical H1-B
 +●
 by conproportionation, i.e. H1-B + H1-B
 +2
 ↔ 2 H1-B +●.   
 
Figure 13. Spectral changes upon the reduction of 7.53 x 10
-5
 M NAP
•+
 
by incremental addition of H1-B in dichloromethane at 22 °C. Inset: plot 
of change in absorbance of H1-B 
•+
 (▼ at 1438 nm) and H1-B ++ (● at 994 
nm) against the equivalent of added H1-B. 
 
 
The identity of H1-B
+●
 was further verified by its generation from H1-B and 
MA
+
 SbCl6 
¯
(Ered = 1.11 V vs SCE) (figure 14).  
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Figure 14.  Spectral changes obtained upon the reduction of 8.82 x 10
-5
 M 
MA
+•
 by incremental addition of H1-B in dichloromethane at 22 °C 
 
For H1-A, a similar titration with NAP
+ 
resulted in the absorption spectrum (light 
green line in figure 15) of the green colored solution that was assigned to the dication 
H1-A
+2
 with twin absorption bands at 1008 nm (log  = 3.38) and 1504 nm (log  = 
3.35). When the addition of neutral H1-A was continued beyond half an equivalent, twin 
absorption bands at 1000 nm and 1500 nm decreased and the NIR absorption band at 
>2500 nm (log  = 3.53) continued to grow up to the addition of one equivalent of H1-A 
while the dark green color of the solution intensified.  
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Figure 15. Spectral changes obtained upon the reduction of 1.52 × 10
-4
 M 
NAP
•+
 by incremental addition of H1-A in dichloromethane at 22 °C. 
Inset: A plot of decrease in absorbance of NAP
•+ 
(monitored at 672 nm, 
blue triangles) increase of absorbance of H1-A
•+
 (at 2500 nm, green dots) 
and H1-A
++ 
(at 1008 nm, purple crosses) against the equivalent of added 
H1-A. 
 
 
For H2, the absorption spectrum of the radical cation with slightly red shifted 
band at 1448 nm bears close resemblance to the one generated for H1-B (figure 16). The 
data for optical and electronic properties of helicenes is summarized in table 1. 
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Figure 16. Absorption spectra (qualitative) of H2
•+
 recorded in 
dichloromethane at 22 °C. 
 
As such, the observance of NIR absorption in case of H1-A indicates the 
stabilization of dimer radical cation
19
 between the aromatic rings containing the end 
capped methoxy groups. In order to understand the differences in the spectroscopic 
signatures of the cation radical of these helicenes, we calculated the HOMO of H1-A and 
H1-B using DFT calculations at the B3LYP/6-31G* level. In H1-A, the HOMO 
essentially lies in the terminal triphenylenes carrying the end capped methoxy 
substituents. As a result, upon oxidation, the resulting H1-A
+● 
stabilizes itself as a dimer 
cation radical with the other -stacked end methoxy group containing aromatic ring at the 
other terminus of the helix, thereby resulting in >2500 nm NIR band. In case of H1-A 
and H2 however, due to the presence of electroactive methoxy groups in each of the 
triphenylene units, the HOMO gravitates more towards the central triphenylenes (or 
towards the center of the helix)—a phenomenon well known in long π-conjugated 
systems (e.g. poly-p-phenylenes).
20
 As a result, the radical cation is stabilized along the 
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center of the helix rather than the terminals and thus the NIR band is observed in the 
higher energy (1438 – 1448 nm) region. 
Table 1. Optical and electronic data for helicenes. 
 
 
In summary, we have successfully designed and demonstrated the synthesis of a 
new class of highly soluble, electroactive, helical PAHs in gram quantities from easily 
available starting materials i.e. 1,2-dibromo-3,4-dimethoxybenzene, 1-bromo-2-iodo-3,4-
dimethoxybenzene, 9,9-dihexylfluorene-2-boronic acid, and 9,9-dihexylfluorene-2,7-
diboronic acid, that are commercially available and can also be easily prepared in multi-
gram quantities using routine literature procedures. The easy availability of such 
helicenes is expected to promote the research and develop an understanding of the 
usefulness of this class of molecules which in turn will allow the exploration of their 
potential applications in the areas of molecular electronics and nanotechnology. 
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EXPERIMENTAL 
 
General Experimental Methods and Materials: 
 All reactions were performed under argon atmosphere unless otherwise noted. All 
commercial reagents were used without further purification unless otherwise noted. 
Helicene H2 and its intermediates were prepared by Dr. Ruchi Shukla. Dichloromethane 
(Aldrich) was repeatedly stirred with fresh aliquots of concentrated sulfuric acid (~10 % 
by volume) until the acid layer remained colorless. After separation, it was washed 
successively with water, aqueous sodium bicarbonate, water, and aqueous sodium 
chloride and dried over anhydrous calcium chloride. The dichloromethane was distilled 
twice from P2O5 under an argon atmosphere and stored in a Schlenk flask equipped with 
a Teflon valve fitted with Viton O-rings. The hexanes and toluene were distilled from 
P2O5 under an argon atmosphere and then refluxed over calcium hydride (~12 h). After 
distillation from CaH2, the solvents were stored in Schlenk flasks under an argon 
atmosphere. Tetrahydrofuran (THF) was dried initially by distilling over lithium 
aluminum hydride under an argon atmosphere. The THF was further refluxed over 
metallic sodium in the presence of benzophenone until a persistent blue color was 
obtained and then it was distilled under an argon atmosphere and stored in a Schlenk 
flask equipped with a Teflon valve fitted with Viton O-rings. NMR spectra were recorded 
on Varian 300 and 400 MHz NMR spectrometers. MALDI-TOF MS spectra were 
obtained on a Bruker Daltonics microflex using Dithranol matrix. 
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Cyclic Voltammetry (CV) : 
 The CV cell was of an air-tight design with high vacuum Teflon valves and Viton 
O-ring seals to allow an inert atmosphere to be maintained without contamination by 
grease. The working electrode consisted of an adjustable platinum disk embedded in a 
glass seal to allow periodic polishing (with a fine emery cloth) without changing the 
surface area (~1 mm
2
) significantly. The reference SCE electrode (saturated calomel 
electrode) and its salt bridge were separated from the catholyte by a sintered glass frit. 
The counter electrode consisted of platinum gauze that was separated from the working 
electrode by ~3 mm. The CV measurements were carried out in a solution of 0.2 M 
supporting electrolyte (tetra-n-butylammonium hexafluorophosphate, TBAH) and 2 × 10-
3
 M substrate in dry dichloromethane under an argon atmosphere. All the cyclic 
voltammograms were recorded at a sweep rate of 100 mV sec
-1
, unless otherwise 
specified and were IR compensated. The oxidation potentials (E1/2) were referenced to 
SCE, which was calibrated with added (equimolar) ferrocene (E1/2 = 0.450 V vs. SCE). 
The E1/2 values were calculated by taking the average of anodic and cathodic peak 
potentials in the reversible cyclic voltammograms. 
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Synthesis of Helicenes 
 
Synthesis of  2'-bromo-3,4-dimethoxy-1,1'-biphenyl (1) 
O
O
Br
 
To a degassed (Ar) solution of 1-bromo-2-iodobenzene (5.0 g, 17.6 mmol), 3,4-
dimethoxyphenylboronic acid (3.2 g, 17.6 mmol) and Pd(PPh3)4 catalyst (0.14 g, 0.12 
mmol ) in 1,2-dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 solution (20 
mL) was added via syringe. The reaction mixture was refluxed for 16 h. After cooling, 
the product was extracted with DCM, washed with water and dried over MgSO4
. 
The 
solvent was evaporated, affording the crude mixture. After column chromatography on 
silica gel eluting with hexane/ethyl acetate (20:1), pure compound (4.32 g, 83.7 %) was 
obtained as colorless oil which solidifies on standing. m.p. 48-50 C. 1H NMR (CDCl3): δ 
7.66 (1H, d, J
 
= 7.9 Hz), 7.34 (2H, m), 7.23-7.13 (1H, m), 6.99-6.90 (3H, m), 3.93 (3H, 
s), 3.91 (3H, s). 
13
C NMR (CDCl3): δ 148.56, 148.27, 142.32, 133.82, 133.20, 131.42, 
128.59, 127.43, 122.88, 121.76, 112.91, 110.65, 55.98, 55.92.  
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Synthesis of 3 
Br
O
O
 
 
To a solution of 1 (1.09  g, 3.72  mmol) in dry THF (75 mL) at -78 
o
C in a 
Schlenk flask, was added n-BuLi  (3.00 mL, 2.5 M in hexane, 7.50  mmol) under an 
argon atmosphere. After strring the reaction mixture for 1h at –78 oC, trimethylborate 
(2.5 mL, 22.3 mmol) was added dropwise and reaction was allowed to warm up to room 
temperature over a period of 12h. To the solution at room temperature were then added 
anhydrous toluene (30 mL), ethanol (30 mL), 2M  sodium carbonate (20 mL), 2-bromo-
7-iodo-9,9-dihexylfluorene (4.0 g, 7.42 mmol) and Pd(PPh3)4 (0.11 g, 0.09 mmol) under 
an argon atmosphere and the resulting mixture was refluxed for 8 hours. After cooling to 
room temperature, the reaction mixture was poured into water (250 mL) and extracted 
with dichloromethane (3 x 50 mL). The organic layers were combined, dried over 
magnesium sulfate and evaporated under reduced pressure. After column 
chromatography on silica gel eluting with hexane/ethyl acetate (20:1), pure compound 
(1.95 g, 84.1 %) was obtained as colorless oil; 
1
H NMR (CDCl3) : 0.51- 0.63 (m, 4H), 
0.78- 0.85 (t, 6H, J= 7.8 Hz), 0.98- 1.10 (m, 8H), 1.10- 1.22 ( m, 4H), 1.73- 1.90 (m, 4H), 
3.53( s, 3H), 3.85 (s, 3H), 6.63 (dd, 1H, J= 5.7, 19 Hz), 6.78 ( d, 1H, J= 8.2 Hz), 6.87 (dd, 
1H, J= 8.2, 1.9Hz), 7.17 (m, 2H), 7.58- 7.41 (m, 8H).; 
13
C NMR (CDCl3) : 14.23, 22.82, 
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22.85, 29.82, 22.85, 29.78, 29.85, 31.64, 31.78, 40.31, 55.40, 55.63, 55.78, 110.72, 
113.67, 119.46, 121.03, 121.17, 121.94, 124.66, 126.31, 127.44, 128.86, 130.08, 130.78, 
130.91, 134.29, 138.49, 139.98, 140.45, 140.88, 141.29, 147.94, 148.25, 150.33, 153.32.  
 
Synthesis of 4  
Br
O
O
 
 
To a stirred solution of 2 (1.90 g, 3.04 mmol) in 100 mL dry dichloromethane 
under argon atmosphere, cooled to 0 
o
C in ice/acetone bath, was added dropwise, a  
solution of  FeCl3 (1.48 g, 9.11 mmol) in nitromethane (10 mL). The resulting reaction 
mixture was stirred at 0 
o
C for 30 minutes after which the reaction was quenched with 
methanol (15 mL) followed by water (50 mL). The product was extracted with 
dichloromethane, washed with water (50 mL × 3) and dried over anhydrous MgSO4 to 
give crude product that after column chromatography on silica gel, using hexane/ethyl 
acetate (8:1)  as eluent, afforded pure compound (1.75 g, 92.3 %) as an off white solid; 
188-190 °C;
 1
H NMR (CDCl3) :0.60- 0.80 (m, 10H), 1.00- 1.20 (m, 12H), 2.00- 2.25 
(m, 4H), 4.13 ( s, 3H), 4.19 (s, 3H), 7.52- 7.60 (m, 2H), 7.61- 7.69 (m, 2H), 7.87 (d, 1H, J 
= 8.6 Hz), 7.99 (s, 1H), 8.10 ( s, 1H), 8.46- 8.54 (m, 1H), 8.59 (s, 1H), 8.76 (s, 2H). ; 
13
C 
NMR (CDCl3) : 14.16, 22.74, 24.03, 29.86, 31.67, 41.15, 55.69, 56.11, 56.26, 104.67, 
104.72, 113.54, 117.35, 121.63, 121.89, 123.04, 123.68, 124.20, 124.67, 126.41, 126.55, 
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127.08, 129.21, 129.24, 129.62, 129.67, 130.33, 139.80, 140.02, 148.70, 149.51, 149.63, 
153.83.  
 
Synthesis of 5a  
Br Br  
 
To a solution of  2,7-dibromo-9,9-dihexylfluorene (1.0 g, 2.0 mmol) in dry THF 
(30 mL) at -78 C was added n-BuLi (1.7 mL, 2.5 M, 4.2 mmol) followed by 
triisopropylborate (2.9 mL, 12.6 mmol) under an argon atmosphere. The resulting 
mixture was stirred for 4 h at -78 C and then allowed to warm to room temperature 
during a 12 h period. To this mixture at room temperature were then added 2-bromo-1-
iodobenzene (1.27g, 4.5 mmol), toluene (30 mL), ethanol (30 mL), 2M aqueous sodium 
carbonate solution (20 mL) and Pd(PPh3)4 catalyst (0.11 g, 0.09 mmol) under an argon 
atmosphere and the resulting mixture was refluxed for 16 h. After cooling, the product 
was extracted with DCM, washed with water and dried over MgSO4
. 
The solvent was 
evaporated under reduced pressure affording the crude mixture. After column 
chromatography on silica gel eluting with hexane/ethyl acetate (199:1), pure compound 
(1.05 g, 81.4 %) was obtained as colorless solid. 
1
H NMR (CDCl3) : 1HNMR : 0.76 (t, 
8H, J= 7.8 Hz), 1- 1.16 (m, 14H), 1.98- 2.06 (m, 4H), 7.18- 7.23 (m, 2H), 7.34- 7.48 (m, 
8H), 7.70 (dd, 2H, J= 8.0 Hz), 7.78 (d, 2H, J= 7.8 Hz).; 
13
C NMR (CDCl3) : 14.24, 
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22.76, 23.98, 29.91, 31.75, 40.53, 55.45, 119.59, 123.11, 124.55, 127.56, 128.16, 128.78, 
131.50, 133.39, 140.03, 140.34, 143.25, 150.84.  
 
Synthesis of 5b 
Br Br
O
OO
O
 
 
To a solution of  2,7-dibromo-9,9-dihexylfluorene (1.0 g, 2.0 mmol) in dry THF 
(30 mL) at -78 C was added n-BuLi (1.7 mL, 2.5 M, 4.2 mmol) followed by 
triisopropylborate (2.9 mL, 12.6 mmol) under an argon atmosphere. The resulting 
mixture was stirred for 4 h at -78 C and then allowed to warm to room temperature 
during a 12 h period. To this mixture at room temperature were then added 1-bromo-2-
iodo-4,5-dimethoxybenzene (1.55 g, 4.5 mmol), toluene (30 mL), ethanol (30 mL), 2M 
aqueous sodium carbonate solution (20 mL) and Pd(PPh3)4 catalyst (0.11 g, 0.09 mmol) 
under an argon atmosphere and the resulting mixture was refluxed for 16 h. After 
cooling, the product was extracted with DCM, washed with water and dried over MgSO4
. 
The solvent was evaporated under reduced pressure affording the crude mixture. After 
column chromatography on silica gel eluting with hexane/ethyl acetate (5:1), pure 
compound (1.35 g, 88.2 %) was obtained as colorless oil. 
1
H NMR (CDCl3): δ 7.76 (2H, 
d, J
 
= 7.8 Hz), 7.48 (2H, s), 7.35 (2H, d, J
 
= 7.8 Hz), 7.17 (2H, s), 6.97 (2H, s), 3.93 (6H, 
s), 3.91 (6H, s), 2.09–2.00 (4H, m), 1.17-1.02 (12H, m), 0.86–0.73 (10H, m). 13C NMR 
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(CDCl3): δ 150.77, 148.78, 148.37, 140.06, 139.89, 135.33, 129.10, 124.71, 119.47, 
115.91, 113.94, 112.83, 56.35, 56.20, 55.32, 40.34, 31.64, 29.79, 23.91, 22.65, 14.18. 
 
Synthesis of 6a:  
O
O
O
O
 
 
To a solution of 4 (1.6  g, 2.57  mmol) in dry THF (75 mL) at -78 
o
C in a Schlenk 
flask, was added n-BuLi  (2.00 mL, 2.5 M in hexane, 5.0  mmol) under an argon 
atmosphere. After strring the reaction mixture for 2h at –78 oC, triisopropylborate (3.6 
mL, 15.4 mmol) was added dropwise and reaction was allowed to warm up to room 
temperature over a period of 12h. To the solution at room temperature were then added 
anhydrous toluene (30 mL), ethanol (30 mL), 2M  sodium carbonate (20 mL), 5a (0.6 g, 
0.93 mmol) and Pd(PPh3)4 (0.11 g, 0.09 mmol) under an argon atmosphere and the 
resulting mixture was refluxed for 24 hours. After cooling to room temperature, the 
reaction mixture was poured into water (250 mL) and extracted with dichloromethane (3 
x 50 mL). The organic layers were combined, dried over magnesium sulfate and 
evaporated under reduced pressure. After column chromatography on silica gel eluting 
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with hexane/ethyl acetate (4:1), pure compound (1.15 g, 78.8 %) was obtained as 
colorless oil; 
1
H NMR (CDCl3) : 0.55- 0.65(m, 26H), 0.85- 1.05 (m, 40H), 1.60- 1.68 
(m, 4H), 1.76- 1.88 (m, 4H), 1.92- 2.02 (m, 4H), 4.03 (s, 6H), 4.06 (s, 6H), 7.02 (dd, 2H, 
J= 7.8, 1.5 Hz), 7.12- 7.16 (m, 4H), 7.20 (s, 2H), 7.30 ( d, 2H, J= 8.0 Hz), 7.36- 7.42 (m, 
6H), 7.44- 7.49 (m, 2H), 7.51- 7.58 (m, 4H), 7.69 (d, 2H, J= 7.8 Hz), 7.90 (s, 2H), 7.99 
(s, 2H).; 
13
C NMR (CDCl3) : 14.25, 14.27, 22.77, 22.79, 24.03, 24.11, 29.84, 29.91, 
31.76, 31.77, 31.82, 40.57, 41.20, 55.08, 55.24, 56.10, 56.16, 104.63, 104.74, 113.32,  
117.17, 119.35, 119.72, 123.01, 123.64, 124.11, 124.86, 126.34, 126.85, 127.59, 127.70, 
128.75,129.00, 129.12, 129.14, 129.55, 129.79, 131.18,131.19, 139.30, 139.47, 140.46, 
140.70, 141.02, 141.19, 141.47, 149.35, 149.39, 149.52, 150.88, 151.38. 
 
Synthesis of 6b:  
O
O
O
O
O
OO
O
 
 
To a solution of 4 (1.6  g, 2.57  mmol) in dry THF (75 mL) at -78 
o
C in a Schlenk 
flask, was added n-BuLi  (2.00 mL, 2.5 M in hexane, 5.0  mmol) under an argon 
atmosphere. After strring the reaction mixture for 2h at –78 oC, triisopropylborate (3.6 
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mL, 15.4 mmol) was added dropwise and reaction was allowed to warm up to room 
temperature over a period of 12h. To the solution at room temperature were then added 
anhydrous toluene (30 mL), ethanol (30 mL), 2M  sodium carbonate (20 mL), 5b (0.7 g, 
0.91 mmol) and Pd(PPh3)4 (0.11 g, 0.09 mmol) under an argon atmosphere and the 
resulting mixture was refluxed for 24 hours. After cooling to room temperature, the 
reaction mixture was poured into water (250 mL) and extracted with dichloromethane (3 
x 50 mL). The organic layers were combined, dried over magnesium sulfate and 
evaporated under reduced pressure. After column chromatography on silica gel eluting 
with hexane/ethyl acetate (3:1), pure compound (1.10 g, 71.1 %) was obtained as 
colorless oil which solidifies on standing. m.p. 172-174 C.; 1H NMR (CDCl3): δ0.50- 
0.70 (m, 30H), 0.8- 1.0 (m, 36H), 1.5- 1.65 (m, 4H), 1.7- 2.0 (m, 8H), 3.85 (s, 6H), 3.90 
(s, 6H), 4.0 (s, 6H), 4.04 (s, 6H), 6.88 (s, 2H), 6.96 (s, 2H), 7.01 (d, 2H), 7.08 (s, 2H, J= 
8.0 Hz), 7.12- 7.18 (m, 4H), 7.30 (d, 2H, J= 8.0 Hz), 7.48- 7.54 (m, 4H), 7.68 (d, 2H, J= 
8.0 Hz), 7.87 (s, 2H), 7.97 (s, 2H), 8.36- 8.40 (m, 2H), 8.44 (s, 2H), 8.59 (s, 2H), 8.61- 
8.65 (m, 2H).; 
13
C NMR (CDCl3): δ 14.18, 22.79, 24.05, 29.73, 31.72, 40.33, 41.07, 
54.92, 55.15, 56.03, 56.12, 56.15, 56.31, 104.57, 104.69, 113.25, 114.14, 114.16, 117.14,  
119.33, 119.72, 122.96, 123.56, 124.07, 124.57, 124.77, 124.92, 126.29, 126.81, 128.68, 
128.92, 129.07, 129.12, 129.49, 129.72, 133.45, 133.70, 139.08, 139.18, 140.28, 140.61, 
141.31, 148.39, 148.46, 149.31, 149.34, 149.46, 150.86, 151.37.   
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Synthesis of H1-A  
O
O
O
O
 
 
To a stirred solution of 5a (0.3 g, 0.19 mmol) in 200 mL dry dichloromethane 
under argon atmosphere, cooled to 0 
o
C in ice/acetone bath, was added dropwise, a  
solution of  FeCl3 (0.25 g, 1.53 mmol) in nitromethane (10 mL). The resulting reaction 
mixture was stirred at 0 
o
C for 30 minutes after which the reaction was quenched with 
methanol (10 mL) followed by water (50 mL). The product was extracted with 
dichloromethane, washed with water (50 mL × 3) and dried over anhydrous MgSO4 to 
give crude product that after column chromatography on silica gel, using hexane/ethyl 
acetate (9:1)  as eluent, afforded pure compound (0.28 g, 93.5 %) as a yellowish brown 
solid; mp = 192-194 °C; 
 1
H NMR (CDCl3): δ 0.68- 0.78 (m, 18H), 0.80- 0.90 (m, 8H), 
1.10- 1.24 (m, 40H), 2.36- 2.46 (m, 12H), 3.60 (s, 6H), 3.76 (s, 6H), 7.70- 7.75 (m, 4H), 
7.77 (s, 2H), 7.80- 7.84 (m, 12H), 8.88- 8,95 (m, 6H), 9.18 (s, 2H), 9.56 (s, 2H), 9.71 (s, 
2H).; 
13
C NMR (CDCl3): δ 14.16, 22.70, 22.80, 24.31, 29.96, 30.04, 31.75, 31.79, 41.95, 
55.54, 56.00, 56.30, 103.88, 104.34, 113.57, 114.38, 114.92, 117.45, 117.52, 117.82, 
123.87, 123.91, 123.97, 124.11, 124.55, 126.19, 126.84, 127.30, 127.60, 129.72, 129.89, 
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130.01, 130.02, 130.14, 130.25, 130.32, 130.52, 130.57, 140.25, 140.78, 141.18, 149.01, 
149.21, 149.42, 150.64, 150.93; MS : (MALDI) m/z 802.5 (M+). 
 
Synthesis of H1-B  
O
O
O
O
O
OO
O
 
 
To a stirred solution of 5b (0.3 g, 0.18 mmol) in 200 mL dry dichloromethane 
under argon atmosphere, cooled to 0 
o
C in ice/acetone bath, was added dropwise, a  
solution of  FeCl3 (0.23 g, 1.42 mmol) in nitromethane (10 mL). The resulting reaction 
mixture was stirred at 0 
o
C for 30 minutes after which the reaction was quenched with 
methanol (10 mL) followed by water (50 mL). The product was extracted with 
dichloromethane, washed with water (50 mL × 3) and dried over anhydrous MgSO4 to 
give crude product that was recrystallized with dichloromethane and hexane to afford 
pure compound  (0.29 g, 96.7 %) as pale yellow solid. ; mp = 334- 336 °C; 
1
H NMR 
(CDCl3) :0.73- 0.82 (m, 18H), 0.86- 0.98 (m, 10H), 1.04- 1.30 (m, 38H), 2.40- 2.54 (m, 
12H), 3.64 (s, 6H), 3.77 (s, 6H), 4.35 (s, 12H), 7.72- 7.80 (m, 6H), 8.04 (s, 2H), 8.27 (s, 
4H), 8.55 (d, 2H, J= 7.8 Hz), 8.61 ( d, 4H, J= 5.9 Hz), 8.82 (s, 2H), 8.92 ( d, 2H, J= 8.2 
Hz), 9.21 (s, 2H), 9.61 (s, 2H), 9.75 (s, 2H).; 
13
C NMR (CDCl3) :14.16, 22.74, 29.87, 
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31.74, 41.94, 55.46, 55.93, 56.22, 56.46, 103.81, 104.24, 105.17, 105.23, 113.38, 114.47, 
114.87, 116.66, 116.69, 117.73, 122.63, 122.66, 123.89, 124.01, 124.47, 124.97, 125.02, 
126.11, 126.73, 129.60, 129.68, 129.73, 129.77, 129.94, 140.00, 140.27, 140.33, 148.93, 
149.13, 149.24, 149.70; MS : (MALDI) m/z 1688.23 (M+).  
 
Synthesis of 7:  
OO
 
 
 To a solution of 2-bromo-9,9-dihexylfluorene (2.1  g, 5.1  mmol) in dry THF (75 
mL) at -78 
o
C in a Schlenk flask, was added n-BuLi  (4.00 mL, 2.5 M in hexane, 10.0  
mmol) under an argon atmosphere. After strring the reaction mixture for 1h at –78 oC, 
triisopropylborate (4.6 mL, 20.0 mmol) was added dropwise and reaction was allowed to 
warm up to room temperature over a period of 12h. To the solution at room temperature 
were then added anhydrous toluene (30 mL), ethanol (30 mL), 2M  sodium carbonate (20 
mL), 1,2-dibromo-4,5-dimethoxybenzene  (0.6 g, 2.03  mmol) and Pd(PPh3)4 (0.11 g, 
0.09 mmol) under an argon atmosphere and the resulting mixture was refluxed for 18 
hours. After cooling to room temperature, the reaction mixture was poured into water 
(250 mL) and extracted with dichloromethane (3 x 50 mL). The organic layers were 
combined, dried over magnesium sulfate and evaporated under reduced pressure  (1.40 g, 
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85.9 %) was obtained as colorless oil; 
1
H NMR (CDCl3) : 0.57 (m, 8H), 0.74 (t, 12H), 
1.00 (m, 24H), 1.77, (m, 8H), 3.99 (s, 6H), 7.01 (s, 2H), 7.16 (m, 4H), 7.25 (m, 6H), 7.49 
(d, 2H), 7.58 (d, 2H).; 
13
C NMR (CDCl3) :14.25, 22.82, 24.00, 29.88, 31.78, 40.51, 
55.08, 56.36, 114.34, 119.34, 119.85, 122.91, 124.77, 126.83, 126.99, 128.87, 133.71, 
139.54, 140.55, 140.98, 148.47, 150.71, 151.01. 
 
Synthesis of 8:  
OO
 
 
 To a stirred solution of 7 (0.5 g, 0.62 mmol) in 200 mL dry dichloromethane 
under argon atmosphere, cooled to 0 
o
C in ice/acetone bath, was added dropwise, a  
solution of  FeCl3 (0.30 g, 1.87 mmol) in nitromethane (10 mL). The resulting reaction 
mixture was stirred at 0 
o
C for 30 minutes after which the reaction was quenched with 
methanol (10 mL) followed by water (50 mL). The product was extracted with 
dichloromethane, washed with water (50 mL × 3) and dried over anhydrous MgSO4 to 
give crude product that was recrystallized with dichloromethane and methanol to afford 
pure compound  (0.49 g, 98.0 %) the pure compound;
 1
H NMR (CDCl3) : 0.74 (m, 
20H), 1.10 (m, 24H), 2.18 (m, 8H), 4.25 (s, 6H), 7.45 (m, 6H), 8.08 (d, 2H), 8.12 (s, 2H), 
8.42 (s, 2H), 9.13 (s, 2H).; 
13
C NMR (CDCl3) :14.20, 22.72, 24.02, 29.91, 31.69, 41.28, 
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55.40, 56.44, 105.15, 114.13, 116.48, 120.27, 123.21, 124.91, 127.18, 127.74, 129.00, 
129.28, 140.36, 141.13, 149.51, 149.86, 151.35. 
 
Synthesis of 9:  
OO
Br Br  
 
 To a stirred solution of 8 (0.48 g, 0.60 mmol) in dry dichloromethane (50 mL) at 
room temprature, a crystal of iodine was added.  A solution of bromine ( 0.21 g, 1.31 
mmol) in dichloromethane (5 mL) was added dropwise to this stirring solution over a 
period of 30 minutes. The reaction mixtrure was stirred further for 5 minutes and then 
quenched with 10 % sodium bisulfite solution (5 mL). The organic layer was separated, 
and washed succesively with water and brine, dried over magnesium sulfate and 
evaporated under reduced pressure. The resulting crude material (3) was purified by 
recrystallization with dichloromethane and  methanol. Yield (0.56 g, 97.9 %); 
1
H NMR 
(CDCl3) : 0.70 (m, 20H), 1.06 (m, 24H), 2.12 (m, 8H), 4.21 (s, 6H), 7.54 (d, 2H), 7.57 (dd, 
2H), 7.89 (d, 2H), 8.05 (s, 2H), 8.35 (s, 2H), 9.02 (s, 2H).; 
13
C NMR (CDCl3) :14.20, 22.73, 
24.01, 29.85, 31.68, 141.18, 55.80, 56.51, 105.22, 114.32, 116.59, 121.62, 121.79, 
124.89, 126.55, 129.26, 129.39, 130.44, 139.28, 140.13, 149.53, 149.75, 153.62. 
Synthesis of 10:  
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OO
O
O
O
O  
 
 
 To a degassed (Ar) solution of 9 (0.55 g, 0.57 mmol), 3,4-
dimethoxyphenylboronic acid (0.26 g, 1.43 mmol) and Pd(PPh3)4 catalyst (0.11 g, 0.10 
mmol) in 1,2-dimethoxyethane (75 mL), a solution of  2 M aqueous Na2CO3 solution (20 
mL) was added via syringe. The reaction mixture was refluxed for 18 h. After cooling, 
the product was extracted with DCM, washed with water and dried over MgSO4
. 
The 
solvent was evaporated, affording the crude mixture. After column chromatography on 
silica gel eluting with hexane/ethyl acetate, pure compound (0.55 g, 89.9 %) was 
obtained. 
1
H NMR (CDCl3) : 0.67 (m, 20H), 1.01 (m, 24H), 2.13 (m, 8H), 3.90 (s, 6H), 
3.96 (s, 6H), 4.16 (s, 6H), 6.95 (d, 2H), 7.20 (m, 4H), 7.52 (s, 2H), 7.59 (d, 2H), 8.03 (d, 
2H), 8.34 (s, 2H), 9.05 (s, 2H).; 
13
C NMR (CDCl3) :14.20, 22.72, 24.06, 29.89, 31.67, 
41.28, 55.52, 56.25, 56.46, 105.14, 110.78, 111.70, 114.15, 116.53, 119.76, 120.51, 
121.55, 124.91, 126.18, 128.98, 129.34, 134.95, 140.04, 140.06, 140.65, 148.84, 149.39, 
149.54, 150.13, 152.10. 
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Synthesis of 11:  
OO
O
O
O
O
Br Br  
 
 
To a stirred solution of 10 (0.54 g, 0.50 mmol) in dichloromethane (50 mL) and methanol 
(5 mL) was added pyridinium bromide perbromide (0.35 g, 1.11 mmol). The solution was 
stirred for 90 min at 22C. The product was extracted with dichloromethane, washed with 
10 % NaOH solution (50 mL) followed by water (50 mL × 2) and dried over anhydrous 
MgSO4 to give the pure product (0.60 g, 97.6 %). 
1
H NMR (CDCl3) : 0.72 (t, 12H), 0.8 
(m, 8H),1.08 (m, 24H), 2.18 (m, 8H), 3.95 (s, 6H), 3.96 (s, 6H), 4.23 (s, 6H), 7.00 (s, 
2H), 7.19 (s, 2H), 7.44 (d, 2H), 7.52 (d, 2H), 8.10 (t, 4H), 8.41 (s, 2H), 9.13 (s, 2H).; 
13
C 
NMR (CDCl3) :1414.22, 22.73, 24.10, 29.91, 31.74, 41.22, 55.54, 56.38, 56.48, 
56.52,105.15, 112.97, 114.07, 114.28, 116.05, 116.56, 119.92, 124.92, 125.01, 128.39, 
129.13, 129.33, 135.46, 140.01, 140.38, 140.44, 148.51, 148.94, 149.58, 150.28, 151.00. 
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Synthesis of 12:  
OO
O
O
O
O
 
 To a solution of 2-bromo-9,9-dihexylfluorene (0.62  g, 1.51  mmol) in dry THF 
(75 mL) at -78 
o
C in a Schlenk flask, was added n-BuLi  (1.2 mL, 2.5 M in hexane, 3.0  
mmol) under an argon atmosphere. After strring the reaction mixture for 1h at –78 oC, 
triisopropylborate (4.6 mL, 20.0 mmol) was added dropwise and reaction was allowed to 
warm up to room temperature over a period of 12h. To the solution at room temperature 
were then added anhydrous toluene (30 mL), ethanol (30 mL), 2M  sodium carbonate (20 
mL), 11  (0.6 g, 0.49  mmol) and Pd(PPh3)4 (0.11 g, 0.09 mmol) under an argon 
atmosphere and the resulting mixture was refluxed for 18 hours. After cooling to room 
temperature, the reaction mixture was poured into water (250 mL) and extracted with 
dichloromethane (3 x 50 mL). The organic layers were combined, dried over magnesium 
sulfate and evaporated under reduced pressure to get the pure product (0.70 g, 83.8 %). 
1
H NMR (CDCl3) : 0.61 (m, 40H), 0.93 (m, 48H), 1.72 (m, 8H), 1.81 (m, 4H), 1.93 (m, 
4H), 3.94 (s, 6H), 3.95 (s, 6H), 4.11 (s, 6H), 6.99 (d, 4H), 7.11 (d, 2H), 7.17 (m, 12H), 
7.44 (d, 2H), 7.51 (d, 2H), 7.70 (d, 2H), 7.96 (s, 2H), 8.20 (s, 2H), 8.80 (s, 2H).; 
13
C 
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NMR (CDCl3) :14.24, 22.76, 22.81, 24.02, 24.08, 29.85, 29.90, 31.77, 31.79, 40.48, 
41.14, 55.08, 55.23, 56.37, 56.39, 56.43, 105.13, 114.08, 114.29, 116.33, 119.36, 119.75, 
119.86, 122.93, 124.74, 124.88, 124.94, 126.82, 126.99, 128.80, 128.94, 129.13, 129.26, 
133.62, 133.75, 139.33, 139.57, 139.99, 140.50, 140.94, 141.10, 148.47, 148.51, 149.45, 
149.98, 150.81, 150.99, 151.16. 
 
 
Synthesis of H2:  
OO
O
O
O
O
 
 To a stirred solution of 12 (0.5 g, 0.29 mmol) in 200 mL dry dichloromethane 
under argon atmosphere, cooled to 0 
o
C in ice/acetone bath, was added dropwise, a  
solution of  FeCl3 (0.38 g, 2.32 mmol) in nitromethane (10 mL). The resulting reaction 
mixture was stirred at 0 
o
C for 30 minutes after which the reaction was quenched with 
methanol (10 mL) followed by water (50 mL). The product was extracted with 
dichloromethane, washed with water (50 mL × 3) and dried over anhydrous MgSO4 to 
give crude product that was recrystallized with dichloromethane and methanol to afford 
pure compound  (0.47 g, 94.0 %) the pure compound; 
1
H NMR (CDCl3) : 0.68 (t, 12H), 
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0.75 (t, 12H), 0.80 (m,16H), 1.07 (m, 48H), 2.19 (m, 8H), 2.39 (m, 8H), 4.27 (2s, 18H), 
6.50 (t, 2H), 6.82 (t, 2H), 7.25 (d, 2H), 8.05 (d, 2H), 8.16 (s,2H), 8.17 (s, 2H), 8.18 (s, 
2H), 8.47 (s, 2H), 8.52 (s, 2H), 9.41 (s, 2H), 9.61 (s, 2H), 9.62 (s, 2H).; 
13
C NMR 
(CDCl3) :14.21, 14.25, 22.71, 22.86, 24.17, 29.94, 30.07, 31.72, 31.84, 41.49, 42.14, 
55.36, 55.46, 56.52, 105.22, 105.26, 114.16, 114.90, 115.43, 116.63, 116.73, 120.93, 
122.50, 124.86, 125.03, 125.19, 127.31, 129.05, 129.40, 129.61, 129.65, 129.68, 129.99, 
140.36, 140.50, 140.93, 149.57, 149.70, 150.13, 150.40, 150.57; MS : (MALDI) m/z 
1734.43 (M+). 
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1
H NMR of 3: 
 
13
C NMR of 3: 
 
 
1
H NMR of 4: 
 
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
Br
O
O
PPM   140.0    120.0    100.0    80.0     60.0     40.0     20.0   
Br
O
O
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
Br
O
O
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13
C NMR of 4: 
 
 
13
C NMR of 4(Aromatic region): 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
Br
O
O
PPM   150.0    140.0    130.0    120.0    110.0  
Br
O
O
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1
H NMR of 5a: 
 
 
13
C NMR of 5a: 
 
 
1
H NMR of 5b: 
 
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
Br Br
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
Br Br
PPM   7.0     6.0     5.0     4.0     3.0     2.0     1.0   
Br Br
O
O
O
O
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13
C NMR of 5b: 
 
 
1
H NMR of 6a: 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
Br Br
O
O
O
O
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
O
O
O
O
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1
H NMR of 6a (aromatic region): 
 
 
13
C NMR of 6a: 
 
PPM   8.6     8.4     8.2     8.0     7.8     7.6     7.4     7.2     7.0   
O
O
O
O
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
O
O
O
O
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13
CNMR of 6a (aromatic region): 
 
 
1
H NMR of 6b: 
 
PPM   148.0    144.0    140.0    136.0    132.0    128.0    124.0    120.0    116.0    112.0    108.0  
O
O
O
O
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
O
O
O
O
O
OO
O
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1
H NMR of 6b (aromatic region): 
 
 
13
C NMR of 6b: 
 
PPM   8.4     8.0     7.6     7.2     6.8   
O
O
O
O
O
OO
O
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
O
O
O
O
O
OO
O
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13
C NMR of 6b (aromatic region): 
 
 
1
H NMR of H1-A: 
 
PPM   140.0    130.0    120.0    110.0  
O
O
O
O
O
OO
O
PPM   9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
O
O
O
O
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1
H NMR of H1-A (aromatic region): 
 
 
13
C NMR of H1-A: 
 
PPM   9.6     9.2     8.8     8.4     8.0   
O
O
O
O
PPM   140.0    120.0    100.0    80.0     60.0     40.0     20.0   
O
O
O
O
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13
CNMR of H1-A (aromatic region): 
 
 
 
PPM  148.0    144.0   140.0    136.0   132.0    128.0   124.0   120.0    116.0   112.0    108.0   104.0  
O
O
O
O
PPM   130.0    128.0    126.0    124.0    122.0  
O
O
O
O
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1
H NMR of H1-B: 
 
 
1
H NMR of H1-B (aromatic region): 
 
PPM   9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
O
O
O
O
O
OO
O
PPM   9.6     9.2     8.8     8.4     8.0   
O
O
O
O
O
OO
O
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13
C NMR of H1-B: 
 
 
13
C NMR of H1-B (aromatic region): 
 
 
O
O
O
O
O
OO
O
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
O
O
O
O
O
OO
O
PPM   150.0    140.0    130.0    120.0    110.0    100.0  
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1
H NMR of 7: 
 
 
13
C NMR of 7: 
 
 
O
O
PPM  7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
O
O
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1
H NMR of 8: 
 
 
13
C NMR of 8: 
 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
OO
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
OO
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1
H NMR of 9: 
 
 
13
C NMR of 9: 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 10: 
 
13
C NMR of 10: 
 PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 11: 
 
 
13
C NMR of 11: 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of 12: 
 
13
C NMR of 12: 
 
PPM   8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
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1
H NMR of H2: 
 
1
H NMR of H2 (aromatic region): 
 
PPM   9.0     8.0     7.0     6.0     5.0     4.0     3.0     2.0     1.0   
PPM  9.6     9.2     8.8     8.4     8.0     7.6     7.2     6.8   
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13
C NMR of H2: 
 
 
 
13
C NMR of H2 (aromatic region): 
 
 
 
PPM   130.0    110.0    90.0     70.0     50.0     30.0   
PPM   140.0    130.0    120.0    110.0  
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MALDI-TOF mass spectra of final compounds: 
 
Helicene H1-A: 
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Helicene H1-B: 
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Helicene H2: 
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Table S1: Crystal data and structure refinement for helicene H1-A.  
 
 
Identification code  raj18t  
Empirical formula  C146.8108H145.7162Cl18N3.9054O10.49682  
Formula weight  2770.84  
Temperature / K  100  
Crystal system  Monoclinic  
Space group  C2/c  
a / Å, b / Å, c / Å  25.0088(4), 22.7261(3), 24.9341(4)  
α/°, β/°, γ/°  90.00, 106.5169(16), 90.00  
Volume / Å3  13586.6(3)  
Z  4  
ρcalc / mg mm
-3
  1.355  
μ / mm-1  3.812  
F(000)  5776  
Crystal size / mm3  0.4 × 0.35 × 0.32  
Theta range for data collection  3.54 to 68.54°  
Index ranges  -30 ≤ h ≤ 29, -27 ≤ k ≤ 27, -29 ≤ l ≤ 28  
Reflections collected  51678  
Independent reflections  12380[R(int) = 0.0452]  
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Data/restraints/parameters  12380/72/847  
Goodness-of-fit on F
2
  1.026  
Final R indexes [I>2σ (I)]  R1 = 0.0676, wR2 = 0.1890  
Final R indexes [all data]  R1 = 0.0782, wR2 = 0.2005  
Largest diff. peak/hole / e Å-3  0.698/-0.893  
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Table S2: Crystal data and structure refinement for helicene H1-B.  
 
 
 
Identification code  raj20d  
Empirical formula  C275.489H307.2335Cl0.338N19.7445O16  
Formula weight  4162.92  
Temperature / K  100  
Crystal system  triclinic  
Space group  P-1  
a / Å, b / Å, c / Å  14.7274(4), 19.9320(5), 19.9479(5)  
α/°, β/°, γ/°  93.7951(19), 90.130(2), 93.071(2)  
Volume / Å3  5834.3(3)  
Z  1  
ρcalc / mg mm
-3
  1.185  
μ / mm-1  0.606  
F(000)  2232  
Crystal size / mm3  0.22 × 0.2 × 0.05  
Theta range for data collection  3.6393 to 147.7524°  
Index ranges  -13 ≤ h ≤ 18, -24 ≤ k ≤ 23, -24 ≤ l ≤ 24  
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Reflections collected  64295  
Independent reflections  23041[R(int) = 0.0421]  
Data/restraints/parameters  23041/367/1576  
Goodness-of-fit on F
2
  1.029  
Final R indexes [I>2σ (I)]  R1 = 0.0833, wR2 = 0.2356  
Final R indexes [all data]  R1 = 0.1260, wR2 = 0.2794  
Largest diff. peak/hole / e Å-3  0.895/-0.441  
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Table S3: Crystal data and structure refinement for helicene H2.  
 
 
Identification code  raj15h 
Empirical formula  C156 H172 Cl18 N4 O12 
Formula weight  2933.08 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  C 2/c 
Unit cell dimensions a = 26.5660(9) Å = 90°. 
 b = 23.8704(8) Å = 107.112(2)°. 
 c = 23.2404(8) Å  = 90°. 
Volume 14085.3(8) Å3 
Z 4 
Density (calculated) 1.383 Mg/m3 
Absorption coefficient 3.714 mm-1 
F(000) 6152 
Crystal size 0.35 x 0.09 x 0.08 mm3 
Theta range for data collection 2.89 to 68.08°. 
Index ranges -31<=h<=30, 0<=k<=28, 0<=l<=27 
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Reflections collected 12640 
Independent reflections 12640 [R(int) = 0.0493] 
Completeness to theta = 68.08° 98.4 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7554 and 0.3564 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 12640 / 264 / 856 
Goodness-of-fit on F2 1.018 
Final R indices [I>2sigma(I)] R1 = 0.1402, wR2 = 0.3317 
R indices (all data) R1 = 0.1966, wR2 = 0.3733 
Largest diff. peak and hole 1.201 and -0.589 e.Å-3 
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